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Significance of Study 
There have been various studies done on the effect of hydraulic fracking activities 
on ground water and surface water supply (Jackson, 2011; McBroom, 2012), but recent 
concerns on its effects on air quality during the different stages of the fracking processes 
has generated a number of concern especially in the state of Texas (McKenzie, 2012), 
which has the highest number of drilled wells in the country (Ridlington, 2013).  
In Texas, the Texas Commission on Environmental Quality (TCEQ) has the pri-
mary responsibility to protect the state's public health and natural resources consistent with 
sustainable economic development to ensure clean air, clean water, and the safe manage-
ment of waste (TCEQ, 2014). However, the regulation of oil and gas activities in Texas is 
delegated to the Texas Railroad Commission. Although these regulations have helped im-
mensely to manage and regulate emissions, there still exist areas in Texas where the boom 
in the oil and gas industry has resulted in concern about the effect of emissions from these 
oil and gas sites on human health and also the environment. One of such areas is the Eagle 
Ford Shale (EFS) region. This region encompasses about 30 counties in the South Texas, 
and is a significant hydrocarbon producing formation. According to the Railroad Commis-
sion of Texas, there are 162 completed wells in the Eagle Ford in September, 2010 
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and 2,521 producing oil leases on schedule in 2013 (Railroad Commission of Texas, 2014), 
however, there are only 12 active monitoring stations in the area. In some key counties, 
such as Dimmit and Karnes with a numerous regular producing oil and gas wells- 2,952 
and 2,299 respectively, there is up to date one active monitoring station activated in 2014 
in Karnes County and none in Dimmit County. With the rising number in oil and gas wells, 
the proximity to residential areas is becoming increasingly common therefore raising con-
cerns from residents of the effects of these activities on the environment and also its health 
implications. (Channel, 2014). 
With the primary role of regulating emissions and ensuring air quality in the oil and 
gas fields, TCEQ has many times responded to these kinds of complaints. Air quality and 
health complaints are assessed by retrieving air quality records from existing fixed moni-
toring stations or using a mobile monitoring station to conduct short-term measurements. 
These records are then compared to the National Ambient Air Quality Standards (NAAQS) 
of the pollutant in question (TCEQ, 2013). There have also been several studies done by 
independent researchers to assess the emissions from unconventional gas development 
(UGD). Some of the assessment methods used in these studies have been brought into 
question by some government environmental regulatory agencies such as the TCEQ, West 
Virginia Department of Environmental Protection (DEP), the Colorado Department of 
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Public Health and the Pennsylvania Department of Environmental Protection (CDDEP). 
(Rawlins, 2014). 
Notable amongst these studies is one spearheaded by Global Community Monitor 
(GCM), a well-known anti-fracking organization (Macey et al 2014). Its bucket method of 
air sampling using Tedlar bags in Summa canisters was scientifically disproven by the 
Environmental Protection Agency (EPA) and The Colorado Department of Public Health 
and Environment (CDPHE) as being scientifically unsound due to the fact that the Tedlar 
bags could contain high background concentrations of some volatile organic compounds 
(VOC) and hydrogen sulfide and some chemicals could be unstable if not tested within 24-
48 hrs. (CDPHE, 2001) (EPA, 2001). Other issues under criticism in these studies were the 
sampling methods and length as inadequate determinant of both short and long term expo-
sure and subsequent health effects (CDPHE, 2011).  
Most air pollution assessment studies require long periods of concentration meas-
urements (ranging from months to years) and depending on the size of the area of interest, 
personal mobile air monitoring becomes cumbersome and expensive. Similarly, this study 
was also aimed at assessing the effect of hydraulic fracturing activities on air quality in the 
EFS Region. The source and credibility of data used for this study was of utmost im-
portance in order to reach conclusions with sound scientific basis. 
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To eliminate the collection method bias, data for this study was retrieved from 
TCE`Q’s permanent air monitoring stations located around the hydraulic fracturing opera-
tions in the EFS region. State or local continuous monitoring programs and monitors such 
as those maintained by the TCEQ provide comprehensive and long term data measure-
ments to researchers and air monitoring managers for health effect assessment. These data 
have in various times been used by the TCEQ as reference for most of their air monitoring 
studies and are deemed accurate. Therefore, the use of data retrieved from these continuous 
fixed monitors maintained by the TCEQ helps to fill in the gap for long term and accurate 
air quality sampling data possibly deficient in other studies and at the same time bring light 
to the state of air quality in the EFS region. In addition, this study also assessed the ade-
quacy of the number of monitors used in this region and its reliability in air monitoring 
assessment using the EPA technical assessment guidelines of ambient air monitoring net-
work.





Increased civilization and technological advancement has been the driver to the 
world’s mounting energy demand. Every year, there are more plants and factories created 
to meet the world’s growing energy demands and with this come a corresponding need to 
improve the energy production’s efficiency. The last three decades has seen a significant 
increase in the world’s energy demand and reports show that about 80% of the world’s 
energy consumption is from fossil fuels (Reijnders, 2009). Fossil fuels are the remains of 
prehistoric plants and animals that have been buried in the earth crust over millions of years 
(U.S. DOE, 2014) which have overtime been exposed to immense pressure and heat within 
the earth crust. They include coal, oil and natural gas. 
Natural gas produces approximately half the amount of carbon dioxide emitted per 
million Btu of energy compared to coal (Wigley, 2011) - which was the earliest and longest 
source of fuel, therefore the switch to natural gas was lauded as a safer means for energy 
production. Natural gas is a clean burning gas, drilled from wells within the earth crust, 
refined to remove impurities and sent to power plant to convert into electricity. Access to
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 this type of energy was limited and extraction of natural gas and oil using conventional 
methods was slow and less productive. Hydraulic fracturing or fracking has been found to
be successful in extracting large amounts of natural gas contributing to two-third the United 
States natural gas production (EIA, 2016). It involves creating fissures or fractures in rock 
formations accompanied by vertical and subsequently, horizontal well drilling (more than 
0.62 miles or 3000 ft.) and the injection of fracturing fluid under high pressure (480–850 
bar) to open new or enlarge the rock fractures that facilitate the migration of natural gas 
toward the surface (Chen, 2014). 
There have been widespread concerns about the impact of this technology on the 
environment such as groundwater contamination, air quality degradation and improper 
waste disposal. The concern about emissions from these operational sites has triggered en-
vironmental regulatory enforcement from State and Federal environmental agencies. In 
Texas, the Railroad Commission is responsible for preventing waste of the state's natural 
resources and pollution during drilling and exploration activities. The Texas Commission 
on Environmental Quality (TCEQ) is the environmental agency for the State which focuses 
on air quality, surface water management and water quality, and waste management.  
For air, the Commission has had air emission regulations in place for certain oil and 
gas operations since the early 1970s, (TCEQ, 2015) such as the Standard permit (30 TAC 
Chapter 116) for oil and gas handling and production facilities. Another regulation is the 
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‘Permit by rule’ (30 TAC Chapter 106) that gives authorization to facilities in the state that 
produce more than the de minimis emission level but less than the threshold levels for 
major sources (i.e.100 tpy for “named” sources or 250 tpy for “unnamed” sources). Due to 
the success of hydraulic fracturing technology, there have been more hydraulic fracturing 
sites recorded in the past few years. With over 290,000 active wells, Texas now has the 
highest number of drilled oil and gas wells in the country (EIA, 2015), with regions such 
as the Eagle Ford Shale and Permian basin ranking as the largest oil and gas development 











Figure 1. Active oil and gas wells in Texas.  (TCEQ, 2015). 
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The Eagle Ford Shale is located in South Texas and spanning over 30 counties; 
stretching from Laredo to Bryan–College Station, the Eagle ford region has over 200 rigs 
producing about a million barrels a day in 2015 (Railroad Commission of Texas, 2015). 
The intensive development occurring in Eagle Ford Shale play is resulting in concerns 
about the closeness of the fracking sites to communities and how the air quality in those 
communities is impacted by the operation. Reports from residents living close to areas with 
active well activities have led to studies that have investigated these complaints of foul air, 
frequent nosebleeds, dizziness, irritable respiratory symptoms and even cancer. These stud-
ies have shown sub chronic and chronic exposures to air pollutants such as hydrocarbons 
and ozone precursors during well completion activities as the major causes of these health 
complaints (McKenzie, 2012) (COGCC, 2011).  
Contrary to these reports, a study on emissions in the Barnett Shale by the Houston 
based ToxStrategies concluded that there is no credible health risk associated with shale 
development (Bunch, 2013). The study did a comprehensive analysis of more than 4.6 mil-
lion data points (representing data from six sites, seven monitors, up to 105 VOCs meas-
ured at each site, and periods of record that extend back to the year 2000).  They concluded 
that shale gas production activities have not resulted in community-wide exposures to those 
VOCs at levels that would pose a health concern. It stated that earlier studies (such as 
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McKenzie, 2012), is not applicable for characterizing typical exposures and health haz-
ards/risks due to the exposure assumptions used in its analysis that were overly conserva-
tive or not representative of the scenario under evaluation (e.g., assumptions related to the 
well development process, timeframes used to develop potential emission estimates, and 
emission impacts confounded by traffic from a major highway near a sample test site).  
In light of this, this research deals with the impact of hydraulic fracturing on the 
environment, specifically the air quality by evaluating the change in air quality in the Eagle 
Ford Shale region before the inception of hydraulic fracturing and after its introduction. 
Data used in this study was retrieved from TCEQ continuous air monitors and was used 
for this analysis after its adequacy in assessing air quality in the Eagle Ford Shale region 
was determined.





Natural Gas and Its Uses 
Natural gas is a non-renewable fossil fuel, formed when prehistoric plants and ani-
mals died and were gradually buried by layers of rocks (U.S. DOE, 2014) and are exposed 
to immense pressure and heat within the earth crust. It is a colorless and odorless hydro-
carbon in its pure form made up of carbon and hydrogen atoms. The simplest form of nat-
ural gas is methane gas (CH4), which has one carbon atom and four hydrogen atoms. It can 
also contain other hydrocarbons such as ethane, propane, and butane, and other heavier 
hydrocarbons.   
It is commonly used in the home for heating and cooling of houses and also cooking 
and is the preferred source of cooking fuel due to its use in residential heating with easy 
temperature control, self-ignition and self-cleaning technology capabilities. About 54% of 
new family homes in 2010 used natural gas for heating, the rest used electricity and oil 
(U.S. Census Bureau, 2010). The states of Texas, California, Louisiana, Florida, New York, 
Illinois rank as the top consumers of natural gas in the United States (EIA, 2014), with 
Texas also being the one of the highest producers in the country producing about 7.5 Tcf 
in 2012.
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Natural gas use is distributed across several sectors of the economy as seen in Fig-
ure 2. It is an important energy source for the industrial, commercial, residential and elec-
tric generation and other sectors such as transportation. The EIA estimated that about 25% 
of the energy was used in 2012 in the United States came from natural gas with the major 
consumers being the electric power sector with about 9.1 trillion cubic feet (Tcf) of natural 
gas used, industrial sector used 7.1 Tcf, the residential sector used 4.2 Tcf and the com-
mercial sector —2.9 Tcf. 
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Natural gas can be associated (found together with oil) or non-associated (found 
alone). Associated gas rises together with the oil through porous rocks, but due to the light-
ness of gas compared to oil, it rises further and eventually stops when it encounters non-
porous cap rocks. Non-associated gas is free of oil but contains some impurities such as 
nitrogen (Cook, 1981).  
Types and Sources of Natural Gas 
The major classification of natural gas is based on geology (i.e. where it can be 
found) and is irrelative of its constituent. There are two types of natural gas when geolog-
ically classified: conventional and unconventional. 
Conventional Natural Gas (Non-Shale) 
Extraction of natural gas began as early as the 1950’s and this type of gas is trapped 
in multiple, relatively small, porous zones in various naturally occurring rock formations 
formed by folding and/or faulting of sedimentary layers such as carbonates, sandstones, 
and siltstones. It migrates through connected porous rocks and is later trapped in a way that 
prevents it from migrating further and results in a high concentration of gas within reser-
voirs (U.S. DOE, 2013). Extraction of this conventional natural gas involves locating its 
reservoirs, and then drill down into them to extract the gas. Extraction can either be done 
through vertical drilling or directional drilling depending on the location of the reservoir. 
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Directional drilling most times involve a combination of both vertical and horizontal drill-
ing to extract natural gas due to rock surface conditions.  
According to the 2014 British Petroleum (BP) statistical review of the Worlds en-
ergy, conventional natural gas reserves in the world in 2013 are approximately 169 Tm3 
with one-tenth of that amount still undiscovered. Europe-Eurasia has the highest conven-
tional gas proved reserves in the world with approximately 56.6 Tm3 while both North and 
South America has approximately 20 Tm3 of Conventional Gas Proved reserves in 2013 as 
seen in Table 1. 
 












Europe – Eurasia 56.6 169.0 65.0 
Middle East 80.0 124.0 13.0 
Pacific Asia 15.2 44.0 95.0 
North America 11.7 46.0 66.0 
South America 7.7 32.0 55.0 
 
 
         
14 
 
Unconventional Natural Gas (Shale)  
Although identical in composition to the conventional natural gas, sourcing this gas 
was different and more technical. It does not migrate because it is trapped in the earth 
within its impermeable source rocks making it harder to access. Sourcing of unconven-
tional gas has now been made easier and more economical due to recent advancement in 
technology and can even be referred to as “conventional gas” due to the widespread access 
and use in recent times. Extraction is carried out by creating fissures or fractures in the 
source rock formation through the injection of fracturing fluids at high pressure in drilled 
wells. These fissures provide a pathway for natural gas to move into the drilled wells for 
extraction. Unconventional natural gas (UNG) also exists in different formations known as 
shale gas (found in shale deposits), coal seam gas, tight gas and methane hydrate. North 
America has the second largest UNG estimated reserve of 66 Tm3 as seen in Table 1 which 
is largely due to the successful implementation of this extraction process. 
 
 ‘Unconventional’ Natural Gas Development  
Once referred to as unconventional due to its inaccessibility and lack of required 
technology to extract it, the number of these unconventional natural gas wells in the US 
has risen so dramatically and that the use of the term ‘unconventional’ becomes unneces-
sary.  There were 487,286 of these wells that were recorded in 2013 (EIA, 2015) and the 
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number has risen steadily largely due to the introduction of industrial techniques called 
hydraulic fracturing using directional drilling (McKenzie, 2012). The process of uncon-
ventional natural gas development (UNG) is divided into three phases: exploration, well 
development and production. 
 
Exploration 
Geologist, geophysicist, petroleum scientists and other experts in soil and rock for-
mation, have devised ways of reducing risk in hydrocarbon exploration and production. 
Rock formations have been studied to find out the right conditions for oil formation or 
presence of oil traps such as permeability, porosity, water saturation. Search for natural gas 
now begins with geologists locating the types of rocks that are usually found near the nat-
ural gas and petroleum reservoirs (Speight, 2007). The use of geologic surveys, seismic 
surveys, use of magnetometers and logging tools are the few ways source rocks can be 
characterized.  
In the mid 1800’s, geologists discovered oil and gas traps existing in earth for-
mations known as anticline slopes. These anticlinal slopes are areas where the earth has 
folded up on itself, forming the dome shape that is characteristic of a great number of res-
ervoirs. They are formed when a rock capable of holding fluids and gas is sealed at the top 
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by a low permeability cap of sealing layer rock (Fracfocus, 2014). Geologic mapping, sur-
veying of outcropping rocks and drill rock cuttings, and most times aerial photography 
showing tectonic shifts, can reveal some information on oil and gas formation.  
The use of seismic surveys is another reliable way to detect hydrocarbon formation 
in the earth and it can be used onshore or offshore. The Seismograph was initially designed 
to detect earthquakes but its alternative use is in oil and gas field exploration. Seismic 
waves or shock waves are produced artificially by giant vibration trucks or “thumpers” and 
these waves travel downward until it hits a prominent formation (reflecting bed), and these 
reflection waves are sent back to the surface towards strategically placed Seismic wave 
detectors called Geophones. The reflected wave data received is analyzed for characteris-
tics and properties of underground formation showing potential of natural gas formation 
by the geologist (Short, 1983). They are processed by highly technical computers into dif-
ferent kinds of imaging models- 2D, 3D or the most recent and highly innovative 4D im-
aging technology - that reveals structures and properties of underground formations ob-
served over time also known as “time lapse imaging” (Speight, 2007). 
Magnetometers are equipment used to measure the small differences in the earth's 
magnetic field and its application in hydrocarbon exploration has provided additional ways 
of effectively locating source rock formations, tectonic plate movement and the location of 
deposits of petroleum, natural gas, and other valuable minerals. It has advanced from its 
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early model as large and bulky equipment which was only able to survey a small area at a 
time, to satellite equipped with magnetometer technology, launched by NASA called 
MAGSAT (U.S. Department of Transportation, 2011). 
Another important exploration tool used is the logging tool. Most of the time, the 
first contact a geologist has with the subsurface geology of the earth is through this tool. It 
is lowered into drilled wells and it effectively measures lithology, porosity, resistivity and 
other rock properties and fluid formations (Short, 1983), and it helps to determine what 
kind of drilling tool to use. 
Well Development 
After the exploratory process and source rocks were found to be of economic ben-
efit, the site is now ready to be developed. The process of well development involves pad 
site preparation, well drilling and well completion. The proposed site which could measure 
approximately 3-8 acres depending on the number and type of proposed well, is first 
cleared and depending on terrain, vegetation, and location of the site, the site will be 
checked and reinforced for the proposed project.  
Well construction involves the drilling of the earth surface to depths of the target 
rocks. Drilling rigs, which mostly run on diesel are set on the site wells that can go as deep 
as 5000 feet, are constructed and this process can last for 15-30 days. After the well has 
been drilled to its desired depth the well undergoes completion. Well completion involves 
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well casing and cementing using steel piping which reinforces the well, providing a shield 
between energy production and the environment (API, 2014). The standard and specifica-
tions for all wells for its casing, cementing, drilling, well control, and completion require-
ments in Texas as stated by the Railroad Commission of Texas can be found in the Texas 
Administrative Code for Economic Regulation, Chapter 3 (Oil and gas Division)- RULE 
§3.13. 
 Well Production. 
After the well has been constructed, it is injected with a mixture of water, sand and 
chemicals called fracking fluids at high pressure, exceeding that of the geologic formation, 
to enhance permeability by creating cracks in the rocks which helps to release the natural 
gas. The pressure of the fluid is enough to cause a flow back, or return of fracking and 
geologic fluids accompanied with liquid hydrocarbon and natural gas (US EPA, 2010a). 
The gas is then collected, processed and distributed from delivery points to small diameter 
distribution pipelines which are then transported to homes and businesses. 
 
 Hydraulic Fracturing  
Hydraulic fracturing or Hydro fracking or Fracking has been successfully used in 
unconventional natural gas (UNG) production. It is an advanced stimulation technological 
process accompanied by increasing lateral horizontal well drilling (more than 0.62 miles 
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or over 3000 ft.) and the injection of fracturing fluid under high pressure (480–850 bar) to 
open new or enlarge the existing rock fractures as seen in Figure 3, that facilitate the mi-
gration of natural gas toward the surface (Chen 2014).  
 
Figure 3.  An overview of a typical hydraulic fracturing spread done in the Marcellus Shale 
showing multiple well heads and large number of trucks and equipment needed for a hy-
draulic fracturing operation (Suchy, 2011). 
  
 
Once the well has been drilled to the desired depth and rock characterization and 
well casing have been completed, the well is ready to be fractured. Fractures are created in 
the rock formation by the injection of large quantities of hydraulic fracturing fluids at high 
pressure down a wellbore resulting in open and enlarged spaces within target formation. 
         
20 
 
This allows large quantities of natural gas to flow into the bored well. Approximately 2 
to 4 million gallons of hydraulic fracturing fluid is used for hydraulic fracturing operations 
depending on the basin and formation characteristics (Fracfocus, 2009). The constituent of 
the fracking fluid plays a huge role in the success of gas extraction. 
Constituent of Hydraulic Fracturing Fluids 
Fracking fluids are chemicals or substances used to create fractures or fissures in the earth 
and they transport proppants or additives down the length of the fracture. This is done by 
pumping large quantities of fluids at high pressure down a wellbore and into the target rock 
formation (U.S. EPA, 2014) which cracks the source rocks, allowing resources to move 
freely upwards from rock pores. There are three basic types of drilling fluids and the choice 
of use during drilling operation is based on the economics. And these entail the cost of the 
mud, its additives and its durability and functionality in controlling drill well problems 
 (Short, 1983). Fracking mud could be in the form of air or gas, oil-based muds and water-
based muds.  
Water-based mud contains mostly water and sand, and depending on the water, 
shale formation and geologic basin of the earth, there are other proppants or additives that 
are included in this type of fracking fluid. A typical water-based fracking fluid is composed 
of approximately 98-99% of water and 1-2% of proppants consisting of silica sand and 
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chemicals. These chemicals have very important functions in every well site and determine 
well productivity. 
A typical fracture treatment will use very low concentrations of between 3 and 12 
additive chemicals, depending on the characteristics of the water and the shale formation 
being fractured (Fracfocus, 2014) and some fracking sites can use as much as 300 chemi-
cals in their fracking fluids also depending on the well needs. Figure 4 shows the basic 
composition of fracking fluids and this may differ slightly across different natural gas well 
sites to accommodate the different well needs. 
 
Figure 4. Volumetric composition of a hydraulic fracturing fluid (U.S. DOE, 2009). 
 
Proppant materials are selected based on the strength needed to hold the fracture 
open after the drilling job is completed while maintaining the desired fracture conductivity 
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(API, 2010). The different chemicals used have different uses ranging from limiting the 
growth of bacteria (biocides) to corrosion prevention of well casing. They also come in 
different forms: gels, solids, slick water and foams and recent fracking activities utilize the 
slick water form of fracking fluids. This is essential in reducing the friction when fracking 
fluid is pumped into the well thereby increasing flow rate to target sites. Chemical additives 
may consist of acids, surfactants, biocides, bactericides, pH stabilizers, gel breakers and so 
many other chemicals generally found in common household and food products, clothing 
and makeup (API, 2010). An economically water-based fracking fluid, when used appro-
priately seems to be the best choice in drilling operations. 
 Advantages of Hydraulic Fracturing  
Without a doubt, the process of hydraulic fracturing has brought about immense 
economic benefits.  Large reservoirs of oil and gas that were inaccessible in the past have 
become major energy sources for the nation. According to the IHS Global Insight and 
Drilling Info Inc., hydraulic fracturing activities in the US has yielded approximately 53 
billion cubic feet per day and 4.3 million barrels of tight oil per day. These numbers trans-
late to approximately two-thirds of the total US marketed gas production and up to 50% of 
the country’s total oil output in 2015 (EIA, 2016). 
Before the widespread use of hydraulic fracturing, most wells were abandoned after 
gas has been extracted or well is deemed non-commercial due to low production. Most of 
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these abandoned wells have been revived and its life extended with the introduction of 
hydraulic fracking. Tight shale formations which was once thought by geologist as impos-
sible to produce now record as one of the major producers of oil and gas due to hydraulic 
fracking. 
The advancement of hydraulic fracking and introduction of new technologies for 
energy sourcing dramatically improved the number of jobs created by this sector ranging 
from engineers, surveyors, construction workers, health practitioners, geologist to equip-
ment operators. Local economies have been boosted, generating royalty payments to prop-
erty owners, providing tax revenues to the government and creating much-needed high-
paying American jobs. A recent study conducted at the University of Texas at San Antonio 
reported that 2012 oil and gas activity had a major economic impact across the Eagle Ford 
Shale region, supporting 116,000 jobs and adding more than $61 billion to the economy 
across its 20-county region in Central and South Texas (Tunstall, 2014). 
The environmental benefit of the use of hydraulic fracturing technique is a contro-
versial topic and several studies have argued for the high cost of environmental degradation 
compared to its economic benefits (Garmezy, 2012).  Its major environmental advantage 
lies in its comparative potential to decrease emissions of some pollutants, particularly when 
replacing coal with natural gas for power generation (De Gouw, 2014). Natural gas when 
burned for electricity, produces approximately half the amount of carbon dioxide (CO2) 
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per unit of primary energy compared with coal. In addition, there is also less Nitrogen 
oxides (NOx) and particles and also no Sulphur dioxide (SO2) released when natural gas is 
burned compared to the 1–3 kg NOx per MWh and 2–10 kg SO2 per MWh emitted from 
coal-fired power plants (Jackson, 2014). 
 Issues with Hydraulic Fracturing 
Numerous problems have been linked to the process of hydraulic fracturing. Com-
plaints of pollution of water source, respiratory problems, local air quality degradation and 
even other environmental issues such as land deterioration induced seismicity, ecosystem 
fragmentation, among others, have shrouded the benefits associated with the process. But 
it should also be noted that not all of these issues occur at every site and with proper pro-
duction practice and adherence to safety protocol, most of the potential impacts can be 
avoided. 
 
Hydraulic Fracturing and Water Quality and Water Availability 
Through the different stages of shale extraction, water plays a major role in the 
success of these processes. A single well requires approximately 8,000 to 80,000 m3 (2 to 
20 million gallons) of water and it is estimated that freshwater withdrawals by the oil and 
gas industry in Texas’s Haynesville-Bossier Shale will reach more than 3 billion gallons 
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annually between 2020 and 2035 (Nicot, 2012). The impact of water use depends on avail-
ability of water sources in the area, competition from other users and precipitation.  
In the Eagle Ford Shale region, the average annual precipitation is 740 mm/yr.-the 
lowest amongst other Texas shale plays, possibly limiting the amount of surface water 
available in this region. Even when this resource is available it is most times far away from 
areas where shale-gas development and trucking or piping of water may be required. Also 
for groundwater, access has partially declined by about ≥0.037 mi over a 2,5097 mi2 area, 
and with competing users such as the irrigation in the Winter Garden region of South Texas 
groundwater availability was reduced in this region (Deeds, 2003). 
Another major issue was water contamination. Reusing the amount of freshwater 
used during well development is possible. Approximately 9-35% of fracking flow back 
returns to the wellbore, the rest is buried in the earth which raises concern about the possi-
bility of ground water contamination in the area (Garmezy, 2012). Reports from Pennsyl-
vania from 2008 to 2013 showed 219 notices of violation out of 6,466 wells with respect 
to gas leakage into fresh groundwater (Vidic, 2013). Another study of 60 groundwater 
wells in Pennsylvania and upstate New York concluded that the average and maximum 
CH4 concentrations (19.2 and 64 mg CH4 L
-1 respectively) were significantly higher in wa-
ter sources within 0.62 mi of active Marcellus gas wells than those that are farther away 
(1.1 mg L-1) (Osborn, 2011).  
         
26 
 
One other route of water contamination occurs when there are faulty seals in the 
annular space around casings that is constructed to prevent gas leakage from a well into 
aquifers. When CH4 enters groundwater, it is oxidized by bacteria, causing oxygen deple-
tion which increases the solubility of elements such as arsenic or iron and also reduce sul-
fate to sulfide, creating water- and air-quality issues. CH4 also leads to increased turbidity 
accompanied by fizzing, spitting, bubbling. 
Information on the chemicals used in hydraulic fracturing operations can be found 
in a public registry called FracFocus. This registry was established in 2011 by the Ground 
Water Protection Council- (a non-profit organization) and the Interstate Oil and Gas Com-
pact Commission (IOGCC)- (a multi-state government agency).  It provides a platform 
where oil and gas companies may voluntarily identify chemicals used in hydraulic fractur-
ing operations at specific wells (Fracfocus, 2010). Many states allow or require operators 
to meet state disclosure requirements by posting information on the FracFocus website.  
 Hydraulic Fracturing and Air Quality 
In the processes of natural gas production, there is a considerable amount of CH4 
being released into the atmosphere. CH4 is over 20 times greater than CO2 (over a 100-year 
period) at trapping heat in the atmosphere. Therefore, the concern over the amount of CH4   
released and its effect on air quality and global warming stands out as one of the major 
issues plaguing the natural gas industry. There are over 15 different oil and gas production 
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process that have been identified to affect air quality. Apart from greenhouse gas emissions, 
transport vehicles used on hydraulic fracking sites to convey water, and equipment also 
add to the emissions and raise road dust. Most of these vehicles are diesel powered and 
release volatile organic compounds (VOC), nitrogen oxides (NOx), carbon monoxide (CO), 
sulfur dioxide (SO2), and particulate matter (PM). Development of wells through well pad 
construction, drilling and hydraulic fracturing also contribute to the overall emissions. 
Compressor stations are needed for the continuous production of natural gas that could go 
on for years, resulting in a continuous stream of emissions from these machines (Litovitz, 
2013). 
There have been numerous reports of health effects and environmental degradation 
complaints that have been associated with oil and gas process. There was a recorded in-
crease in ozone concentration levels from 2008 to 2011 in Wyoming’s Sublette County 
which have been linked to the subsequent increase in outpatient clinic visits for residents 
complaining about respiratory problems (Srebotnjak, 2014). There have also been studies 
done on the air pollution levels around hydraulic fracturing sites in Colorado, which re-
searchers linked to the increased risk of chronic and sub-chronic effects on residents, af-
fecting their respiratory and neurological systems and lead to symptoms such as shortness 
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of breath, nosebleeds, headaches, dizziness, and chest tightness (Pride, 2013). These re-
ports point to the fact that air emissions from oil and gas production processes and sources 
have a huge impact especially on residents living close to these sites (McKenzie, 2012).   
Although, not all hydraulic fracturing sites produce enough emissions to cause con-
cern, in most heavily drilled areas such as the Eagle Ford shale region there has been ex-
pressed concern with residents reporting nausea, nosebleeds, headaches, body rashes and 
respiratory problems (Channel, 2014). Several monitoring and studies carried out during 
air quality assessment produce data that is compared against the National Ambient Air 
Quality Standards (NAAQS) to ascertain air quality violations. NAAQS was set by the 
EPA as part of The Clean Air Act (40 CFR part 50) to ensure that the concentrations for 
pollutants considered harmful to public health and the environment are not exceeded be-
yond the set standard. There are two types of NAAQS standards; Primary standards -pro-
vide public health protection, including protecting the health of "sensitive" populations 
such as asthmatics, children, and the elderly, and Secondary standards-provide public wel-
fare protection, including protection against decreased visibility and damage to animals, 
crops, vegetation, and buildings. The current standards are listed in Table 2. Units of meas-
ure for the standards are parts per million (ppm) by volume, parts per billion (ppb) by 
volume, and micrograms per cubic meter of air (µg/m3) (TCEQ, 2015)  
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 Characterization of the Emission Sources  
The task of characterization of the impact from any source is time consuming and 
cumbersome and involves getting an extensive amount of information, measurements, 
analysis and compilation of an emissions inventory from the different stages of the process. 
Correct assembling and collection of historical and current information on the site and also 
areas suspected to be affected by potential contamination helped in identifying possible 
sources, their time of initiation, duration and amount of emissions released from them. 
A recent study done by the Alamo Area Council of Governments done in the Eagle 
Ford Shale area in cooperation with the Texas Commission on Environmental Quality as-
sessed the emissions from oil and gas activities by utilizing existing oil and gas production 
inventories in Texas and data from the Railroad Commission of Texas to characterize the 
emission sources in this region (AACOG, 2014). It collected local industry data and emis-
sion factors from the State Drilling Rigs Emission Inventory and compressor engine emis-
sions from previous industry studies. Table 3 show the emission by Source in the Eagle 
Ford in 2012 and it shows that the highest sources of emissions are from storage tank, 
loading loss, mid-stream sources, fugitives and production flares
When compared with emission values from past and future estimated sources, it 
showed a positive proportional increase with time, with concentrations of VOC and NOX, 
in 2011 as 101 and 66 tons respectively and in 2012 as 229 and 111 tons respectively. 
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Estimated values in 2015 are 512 and 140 tons respectively and in 2018, 872 and 180 tons 
respectively. 
Table 2. National Ambient Air Quality Standards for six criteria pollutants 
40 CFR.50 (TCEQ, 2015). 
Pollutant 







[76 FR 54294, 
Aug 31, 2011] 
Primary 
 
8-hour 9 ppm Not to be exceeded more 
than once per year 1-hour 35 ppm 
Lead [73 FR 66964, 





0.15 μg/m3 Not to be exceeded 
 
Nitrogen Dioxide 
[75 FR 6474, 
Feb 9, 2010] 
 
[77 FR 20218 








98th percentile of 1-hour 
daily maximum concen-




Annual 53 ppb Annual Mean 
 
Ozone 
[73 FR 16436, 









daily maximum 8-hr 
concentration, averaged 
over 3 years 
Particle 
Pollution 
78 FR 3085  







78 FR 3085  




Primary Annual 12 μg/m3 Annual mean, averaged 
over 3 years 
Secondary Annual 15 μg/m3 Annual mean, averaged 
over 3 years 
Primary/ 
secondary 
24-hour 35 μg/m3 98th percentile, aver-












Not to be exceeded more 
than once per year on 
average over 3 years 
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Table 2 continued. National Ambient Air Quality Standards for six criteria pollu-
tants- 40 CFR.50 (TCEQ, 2015). 
Pollutant 







[75 FR 35520, 
Jun 22, 2010] 
 
[38 FR 25678, 
Sept 14, 1973] 
Primary 1-hour 75 ppb 99th percentile of 1-hour 
daily maximum concen-
trations, averaged over 3 
years 
Secondary 3-hour 0.5 ppm Not to be exceeded more 
than once per year 
 
Future emission value calculations were based on three potential levels of develop-
ment. Estimated emissions in a low development scenario, moderate development scenario 
and high development scenario produced by photochemical model run for each projection 
scenario and based on best available information including local data, industrial projections, 
and projected price of petroleum products (AACOG, 2014).  
Table 3 shows the emission concentration of these pollutants from each phase of 
well development including hydraulic fracturing and also past and future emission esti-
mates showing a significantly higher emission concentration in even the estimated low 
development scenario (347.45 and 108.42 tons of VOC and NOx, respectively in 2015) 
compared to 2012 actual estimates of 228.87 and 7.33 tons for VOC and NOX, respectively.   
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Table 3. Emissions by Source of VOC and NOX during oil and gas production in the 
Eagle Ford Shale region for 2012, compared with past (2011) and future (2015 and 


















Source VOC NOX 
Seismic Truck 0.00 0.00 
Pad construction Non-Road 0.06 0.70 
Pad construction On-Road 0.04 0.31 
Drill Rigs 1.75 31.32 
Drilling Non-Road 0.07 0.86 
Drilling On-Road 0.11 0.86 
Pump Engines 1.11 20.45 
Hydraulic Fract. Non-Road 0.60 4.55 
Hydraulic Fract. On-Road 0.47 3.95 
Completion Flares 0.00 0.47 
Wellhead Compressors 0.51 24.75 
Wellhead Heaters 0.04 0.66 
Production Flares 7.08 3.44 
Dehydrators 1.57 0.00 
Storage Tanks 103.24 0.00 
Fugitives 7.84 0.00 
Loading loss 61.89 0.00 
Well Blowdowns 0.70 0.00 
Pneumatic Devices 13.07 0.00 
Production On-Road 0.10 0.00 
Mid-Stream Sources 28.61 0.30 
2012 Total 228.87 7.33 
Past Estimates 
2011 Total 101.11 66.09 
Future Estimates 
2015 Estimated (Low) 347.45 108.42 
2015 Estimated (Moderate) 417.47 121.20 
2015 Estimated (High) 511.72 139.52 
2018 Estimated Total  872.00 180.00 
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Texas Shale Plays 
The slow decline of conventional natural gas sources has led to the introduction of 
the hydraulic fracturing technique and provided access to the once unconventional natural 
gas source (shale) and making the United States a growing producer of natural gas (Rahm, 
2011). With over 2,200 trillion ft3 of technically recoverable dry natural gas resources es-
timated to be in the United States, more than a quarter is held in shale rock formations (EIA, 
2014).  The United States has discovered large shale plays in different parts of the country 
as seen in Figure 5. They are the Eagle Ford Shale in South Texas, the Marcellus shale of 
New York, the Haynesville shale of Arkansas, Louisiana and East Texas, the Fayetteville 
shale of Arkansas, the Antrim Shale of Michigan, the Barnett shale of Texas, the Bakken 
Shale of Montana and North Dakota and the Woodford Shale of Oklahoma. There also 
exist some other undeveloped technically recoverable shale gas sources in the United States 
such as the Cline Shale and the Granite Wash Formations that are located in West Texas. 
Texas is the largest state in the ‘‘lower” 48 United States and houses most of the 
richest oil and gas reserves in the country (Rahm, 2011).  In 2012, shale gas production in 
Texas accounted for over 60% of the 10,371 billion cubic feet of shale gas produced in the 
country (EIA, 2014). With three major shale plays (Barnett, Haynesville, and Eagle Ford) 
Texas is the highest natural gas producer in the country. 
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Figure 5. Location of shale plays in the lower 48 States (EIA, 2011). 
 
 Barnett Shale 
Known as the grandfather of U.S. shale plays, the Barnett Shale is thought to be the 
largest natural gas fields in North America. It is a tight gas reservoir found in sedimentary 
rocks spanning through the Permian Basin and Fort Worth, Texas, covering 5,000 m2 (5019 
mi²) and at least 18 counties (Railroad Commission of Texas, 2014) as shown in Figure 6. 
The EIA estimates that as of 2014, it has approximately 10,860 horizontal, 4,317 vertical 
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gas wells, 315 horizontal oil wells and 364 vertical wells active in the Barnett shale and it 
currently produces more than 6% of the US natural gas production which is over 4.8 trillion 
cubic feet of natural gas. It was first discovered by a geologist named John W. Barnett 
when he settled in the San Saba County, and it exists as a thick black organic-rich shale in 
an outcrop close to the Barnett stream and hence the name.  
Haynesville Shale 
The Haynesville shale or better known as the Haynesville/Bossier shale play, is a 
mud rock and also one of the most important shale-gas plays in North America. It extends 
from Louisiana into Texas, with approximately 35% of the play in Texas (Nikot, 2012) as 
shown in Figure 5. The play area is about 11, 4440 mi2 in Texas (10 counties), with a core 
area of 2,895 mi2 in four counties of Harrison, Panola, Shelby, and San Augustine. The 
Haynesville shale has a total area of approximately 8,999 mi2 -being the shale play with 
one of the largest land masses compared to others in Texas and with an estimated techni-
cally recoverable resource of 74.7 Tcf (EIA, 2011). 




Figure 6. The Barnett Shale Play in the Fort Worth Basin of Texas (EIA, 2011). 
Eagle Ford Shale 
The Eagle Ford Shale is a black calcareous shale with high organic carbon content. 
Named after the town Eagle Ford where it is first found which is approximately 6 mi west 
of Dallas, Texas (Railroad Commission of Texas, 2014) and is now discovered in 30 
counties in the southeastern region of Texas as shown in Figure 8. 















Figure 7. Haynesville Bossier Shale Play in Texas- Louisiana Salt Belt (EIA, 2011). 
 
Environmental Regulations for Oil and Gas Operations 
By the early 19th Century, Industrial Revolution in the United States took off, mark-
ing a shift in the use of hand and manual tools to machineries and the country shifted from 
its mainly agrarian society to a more industrialized setting (Hirschman 2009). Poor and 
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unsafe working conditions, high worker’s mortality rate and more recent concerns of cli-
mate and environmental degradation shrouded the industrial boom and the need to regulate 
activities of various industries started what will later be known as the ‘Environmental Rev-
olution. 
 Federal Agencies and Regulations 
Following the industrial revolution and years of environmental pollution, The 
United States Congress established the Air Pollution Act in 1955 or what is now known as 
the Clean Air Act of 1970 amended in 1990, which focuses on the air-quality standards, 
motor vehicle emissions and alternative fuels, toxic air pollutants, acid rain, and strato-
spheric ozone depletion (Fleming, 1999). The Clean Water Act (CWA) of 1972 was also 
enacted to restore and maintain the chemical physical and biological integrity of the na-
tion’s waters (Copeland, 2010). Years of poor mining and extraction practices also con-
tributed to the establishment of more Acts to protect underground water. The Safe Drinking 
Water Act (SDWA), Resource Conservation and Recovery Act (RCRA), and the Compre-
hensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 
commonly called Superfund, all addressed the nation’s underground water contamination. 
State Oil and Gas Extraction Regulation. 
The Federal agencies such as the EPA are effective and over the years have been 
successful in protecting the environment, but there are still some issues that vary by state 
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in which the ‘one size fits all’ approach of the Federal agencies may not work (IOGCC, 
2014). In the case of oil and gas extraction, there was a need for an efficient system to 
maximize oil and natural gas resources on the state level due to the amount of waste and 
low prices experienced during the days of “Law of capture’ – which gave land owners the 
right to oil drilled on their land (Lovejoy, 2011). In 1935, congress ratified the Interstate 
Compact to Conserve Oil and Gas and it became permanent in 1979 (Zimmerman, 2012). 
This compact led to the formation of a commission- The Interstate Oil and Gas Compact 
commission (IOGCC).  
In Texas, regulation of oil and gas activities is the responsibility of Railroad Com-
mission of Texas (RRC), from exploration, production to transportation of oil and natural 
gas. By enforcing permitting and reporting requirements through inspections and monitor-
ing activities, the commission is able to prevent waste of State’s land owner right protection, 
pollution prevention and safety in issues such as exposure to hydrogen sulfide. Also, pre-
sent in the state is The Texas Commission on Environmental Quality (TCEQ) which is the 
environmental agency for the state and regulates air quality, surface water management 
and water quality, and waste management (TCEQ, 2014). 
The functions and rules enforced by the RRC, as with other State agency rules, 
contained in a codified compilation called The Texas Administrative Code (TAC). The 
TAC comprises of 16 titles, each representing different agencies and subject category 
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(SECSTATE, 2014). Title 16 concerns Economic Regulations comprising of seven parts 
or department functions and the oil and gas regulation functions of the RRC and can be 
found in Part 1 and the 3rd Chapter of this title. Some of these regulations are outlined 
below; 
a. Organization Report; Retention of Records; Notice Requirements 16 Tex. Admin. 
Code §3.: This rule outlines operations that have filing and record requirements.  
b. Water Protection 16 Tex. Admin. Code §3.8: This covers the rules governing the 
drilling of exploratory wells, use of water in all the stages of this process including 
pollution control and pollution prevention.  
c. State wide Spacing Rule 16 Tex. Admin. Code §3.37(a): This rule covers spacing re-
quirements for wells. – “No well for oil, gas or geothermal resource shall hereafter 
 Be drilled nearer than 1,200 feet to any well completed in or drilling to the same horizon 
on the same tract or farm, and no well shall be drilled nearer than 467 feet to any property 
line, lease line, or subdivision line…” 
d. Well Density and Proration Rule -16 TAC §3.38(b) (2) (A): This rule covers require-
ments for well location using density and proration rules to avoid well clustering and 
overproduction. The specific spacing rule and acreage requirements can be found in 
Appendix A. 
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e. Oil Allowables Rule -16 TAC §3.45: This rule covers production quantity of each well 
is regulated and allocated using a “yardstick” depending on the depending on the depth, 
proration unit size depth of the reservoir and the year the field was discovered. This 
requirement is outlined in Appendix A 
f. Casing, Cementing, Drilling, Well Control, and Completion Requirements 16 Tex. Ad-
min. Code §3.13. This rule covers the well casing, cementing and drilling requirements 
according to the American Petroleum Institute (API) in Specification- 5CT. 
g. Hydraulic Fracturing Chemical Disclosure Requirements 16 Tex. Admin. Code §3.29.: 
This rule requires suppliers and service companies to provide particular information on 
the chemical ingredient added to the hydraulic fluid, not later than 15 days following 
completion of hydraulic fracturing completion.  
h. Plugging 16 Tex. Admin. Code § 3.14.: This rule covers the requirements for plugging 
wells that are no longer economically viable for production or have issues that require 
it to be plugged (NPC, 2011).  
i. Application to Drill, Deepen, Reenter, or Plug Back 16 Tex. Admin. Code § 3.5: This 
rule covers the requirements for spacing, density, and units. 
j. Disposal Wells 16 Tex. Admin. Code § 3.9: This covers the permits that allows for 
disposal of saltwater or other oil and gas waste by injection into a porous formation not 
productive of oil, gas, or geothermal resources 
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k. Fluid Injection into Productive Reservoir 16 Tex. Admin. Code § 3.46: covers permit 
required for any person who engages in fluid injection operations in reservoirs produc-
tive of oil and gas. 
l. Standards for Management of Hazardous Oil and Gas Waste 16 Tex. Admin. Code § 
3.98. 
m. Penalty Guidelines for Oil and Gas Violations 16 Tex. Admin. Code § 3.107    
Failure to comply with commission rules results in steep fines and penalties, even for 
seemingly minor reporting violations. It can be as low as $500 for failure to comply 
with well sign requirements (16 TAC §3.3) or as high as $50,000 for failure to plug 
offshore well plus $5 per foot of total depth (16 TAC §3.14(b)(2)). Other penalties can 
lead to ‘the well death penalty’. 
 
Permits 
Authorization or permits is required for different oil and gas processes listed above 
to control air emission, waste disposal and spills. The TRRC is responsible for permits 
during drilling or exploration activities, while all after-drilling activities such as tank bat-
teries and compressor stations is the responsibility of the TCEQ Air Permits Division. Be-
low are a few of the permits requirements for air emission in the oil and gas industry in 
Texas.  
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a. Permit to Construct 
Prior to construction of any facility that may emit air contaminants, the owner is 
required to obtain authorization prior to construction depending on the type of facility and 
amount of contaminants emitted. 
b. Permit by Rule (PBR)-30 TAC 116.10 
Permit and authorization is required for owners and operators of facilities for air 
emissions from their facilities. Facilities may qualify for a permit by rule (PBR) if the 
following limitations on total actual emissions—as well as other requirements in 30 TAC 
106, Subchapter A— are met:   
1. Less than 250 tons per year (tpy) of carbon monoxide (CO) or nitrogen oxides (NOx) 
2. Less than 25 tpy of volatile organic compounds (VOCs), sulfur dioxide (SO2), or par-
ticulate matter of less than 10 microns in diameter (PM10). 
3. Less than 25 tpy of any other air contaminant except carbon dioxide, water, nitrogen 
(N), methane (CH4), ethane (C2H6), hydrogen, or oxygen.  
Facilities that do not qualify for the PBR may be eligible for the Standard air permit. 
c. Standard Permit for Chapter Oil and Gas Handling and Production Facilities - 30 TAC 
116 Subchapter F. 
 
This applies to all stationary facilities, or groups of facilities, at a site which handle 
gases and liquids associated with the production, conditioning, processing, and pipeline 
transfer of fluids or gases found in geologic formations on or beneath the earth’s surface 
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including, but not limited to, crude oil, natural gas, condensate, and produced water with 
the following conditions. 
For a facility to claim a standard permit, they have to meet these requirements 
1. Emit no more than 250 tons per year of total VOCs, NOx, SO2, or CO; 15 tpy of 
PM10 and PM2.5; 10.2 tpy of benzene, and 47 tpy of H2S. 
2. The pollution control project shall reduce or maintain currently authorized emissions. 
3. There will be no new production or production facilities. 
4. Projects cannot be a major modification at an existing major source or trigger New 
Source Review Permitting. 
5. Any collateral increases resulting from Pollution Control Project (PCP) shall demon-
strate protectiveness of the NAAQS and of public health and welfare. 
d. New Source Review-NSR Permit-30 TAC Chapter 116-Major Source 
If the facility does not qualify for both the PBR and Standard permit, it might be 
eligible for permitting under NSR. NSR permit is applicable to certain new or modified 
stationary sources that emit, or will emit, criteria air pollutants. Thresholds for NSR are: 
Any stationary source of air pollutants that emits, or has the potential to emit, 100 tons per 
year or more of any regulated NSR pollutant, which may include:  
(i) 50 tons per year of volatile organic compounds in any serious ozone nonattainment area. 
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(ii) 50 tons per year of volatile organic compounds in an area within an ozone transport 
region, except for any severe or extreme ozone nonattainment area. 
(iii) 25 tons per year of volatile organic compounds in any severe ozone nonattainment 
area. 
(iv) 10 tons per year of volatile organic compounds in any extreme ozone nonattainment 
area. 
(v) 50 tons per year of carbon monoxide in any serious nonattainment area for carbon mon-
oxide, where stationary sources contribute significantly to carbon monoxide levels in 
the area (as determined under rules issued by the Administrator). 
(vi) 70 tons per year of PM-10 in any serious nonattainment area for PM-10; 
e. Emissions Permits Through Emissions Reduction.  Sec. 382.05193. 
The commission may issue this permit for a facility that makes a good faith effort to make 
equipment improvements and emissions reductions necessary to meet the requirements of 
that section; 
 Types of Ambient Air Quality Monitoring Stations. 
There are different types of monitoring stations, and following the requirement of 
the Clean Air Act, every state is to establish a network of air monitoring stations for criteria 
pollutants, using criteria set by the Office of Air Quality Planning and Standards (OAQPS) 
for their location and operation (U.S. EPA, 2014).  
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 State and Local Air Monitoring Stations (SLAMS) – This is a network of monitoring 
stations established by every state for criteria pollutants.  These are primarily set up by 
the state to address specific air quality management interests in comparison to the 
NAAQS. They provide air pollution data to the general public in a timely manner, sup-
port compliance with air quality standards and emissions strategy development; and 
support air pollution research studies. The SLAMS includes National Core networks- 
(NCore), Photochemical Assessment Monitoring Station (PAMS), National Air Moni-
toring Stations (NAMS) and all other State or locally operated stations that have not 
been designated as Special Purpose Monitor (SPM). 
 National Core networks- (NCore) Multi-pollutant Stations – Measure multiple pol-
lutants in order to provide support to integrated air quality management data needs. 
They are designed to measure particles (PM2.5, speciated PM2.5, PM10-2.5, speciated 
PM10-2.5), O3, SO2, CO, nitrogen oxides (NO/NO2/NOx), and basic meteorology. 
 Photochemical Assessment Monitoring Station (PAMS) - Measures ozone precur-
sors (volatile hydrocarbons, NOx and carbonyl), as well as surface and upper air mete-
orology. 
 National Air Monitoring Stations (NAMS) - Provide timely and detailed information 
about air quality in strategic locations across the nation. They are borne out of a partic-
ular need for strategic air quality monitoring using more stringent types of monitors, 
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equipment and siting to assure high accuracy of results. They provide more detailed 
quarterly and monthly air monitoring records.  
 Research Grade Stations – Platforms for scientific studies, either involved with health 
or welfare impacts, measurement methods development, or other atmospheric studies.  
 Special Purpose Monitor (SPMS) – These are used to accomplish specific or short-
term monitoring goals by the States and local governments.  They are intended for 
short-term monitoring of criteria pollutants or longer-term monitoring of non-criteria 
pollutants or non-Federal Reference Methods (FRM)/non-Federal Equivalent methods 
(FEM). 
In Texas, there are currently 267 fixed air monitoring stations strategically placed 
all over the state for ambient air monitoring (TCEQ, 2013). The ambient air monitoring 
network is a system of network that monitors or carryout long term assessment of pollutant 
levels by measuring the quantity and types of certain pollutants in the surrounding, outdoor 
air (U.S. EPA, 2014).  They were created mainly for the following purposes” 
 to provide air pollution data to the general public in a timely manner, 
  to support compliance with ambient air quality standards (primary and secondary) and 
emission strategy development,  
 to support air pollution research studies, 
 to activate emergency control procedures that prevent or alleviate air pollution episodes, 
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 to observe pollution trends throughout the region, including non-urban areas, and 
 to determine the highest concentration expected to occur in the area covered by the 
network.  
In Texas, the ambient air monitoring stations have been contributed by a number of 
institutions to provide information available in the Ambient Monitoring Technology Infor-
mation Center (AMTIC). The AMTIC provides information on monitoring programs 
and methods, quality assurance and control procedures, and federal regulations.  Outlined 
below is a list of owners of the ambient air monitoring stations in Texas. 
1. TCEQ 
2. National Weather Service 
3. Alamo Area Council of Government 
4. North Texas Commission 
5. City of El Paso Environmental Services Department 
6. University of Houston 
7. EPA/OAQPS/MQAG 
8. Goodyear Tire and Rubber Co. 
9. Houston Regional Monitoring 
10. UTCEER 
11. Brazoria County 
12. Sweeny Industrial group 
13. Houston Regional Monitoring 
14. Capitol Area Council of Government 
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15. San Antonio Metropolitan Health District 
16. Texas Petrochemical 
17. Texas City Industry Group 
18. San Houston City Public Service 
19. British Petroleum 
20. City of Corpus Christi 
21. Harris County Health and Environmental Services 
22. City of Dallas Air Pollution Control Section 
23. City of Houston Health Department 
24. City of Fort Worth Health Department 
25. Harris County Health and Environmental Services 
26. SEMARNAP 
27. National Park Services 
28. South East Texas Regional Planning Commission 
29. San Antonio Metropolitan Health District 
30. Galveston City-County Health Department 
 
Under Title 40 Code of Federal Regulations (CFR) §58.10, states are required to 
submit an annual monitoring network plan to the U.S. Environmental Protection Agency 
(EPA) by July 1 of each year (TCEQ, 2014). During this annual monitoring, the air district 
may decide to remove some monitoring stations or even propose to add new monitors. A 
monitoring plan is required to provide the framework for establishment and maintenance 
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of an air quality surveillance system, known commonly as the ambient air quality monitor-
ing network. Due to the increased oil and gas extraction in this region, TCEQ in conjunc-
tion with the TRRC is also undertaking some special monitoring both in the Barnett shale 
region and in the Eagle Ford Shale (EFS) region. TCEQ undertakes rapid response when 
problems are detected, to make sure they are rapidly addressed. It has also contracted with 
the University of Texas to conduct mobile monitoring.  
This study was done to evaluate any significant differences in the concentration of 
ozone precursors upwind and downwind of the EFS region. TCEQ also conducts aerial 
surveys and ground based reconnaissance using infrared imaging cameras to spot VOC 
emissions. In cases of major complaints and concerns, they also undertake mobile moni-
toring in trouble area and cite violators if necessary.
 
  





With the implementation of the National Ambient Air Monitoring Strategy 
(NAAMS), the air monitoring networks have to achieve, with limited resources, the best 
possible scientific value and protection of public and environmental health and welfare- 
[40 CFR 58.10(e)] (Raffuse, 2007). These monitoring networks are also required to provide 
air pollution data to the general public in a timely manner, support compliance with the 
National Ambient Air Quality Standards (NAAQS) and emissions strategy development 
and support for air pollution research studies (U.S. EPA, 2013). This study took advantage 
of these existing monitoring networks to:  
a. Evaluate the changes in air quality in the Eagle Ford Shale region since the inception 
of hydraulic fracturing; and 
b. Assess the adequacy of the monitoring network to quantify the air quality in the Eagle 
Ford Shale region using the EPA’s assessment criteria listed in 40 CFR part 58. 
  





The study was conducted in the Environmental Assessment Laboratory of the Col-
lege of Forestry and Agriculture at Stephen F Austin State University in Nacogdoches, 
Texas from summer 2014 to Fall 2016.  The data used in this study was obtained from 
TCEQ Continuous Air Monitoring Station (CAMS) that are present in the Eagle Ford Shale 
region.  
The TCEQ CAMS provides hourly, daily, monthly and yearly air quality data for 
different areas in Texas, comprising of pollutant measurements which are primarily the 
criteria pollutants- Sulfur dioxide (SO2), carbon monoxide (CO), Ozone (O3) Nitrogen ox-
ides (NOx) Particulate matter (PM). These pollutants are common and are known to have 
detrimental effect on human health, the environment and property and have been assigned 
safe exposure standards- NAAQS.  
Hydraulic fracturing started in the Eagle Ford Shale in 2008 and this study assessed 
the air quality in this region to evaluate the air quality changes before the start of hydraulic 
fracturing (2001 to 2007) and the years after this technology has been used in this region 
(2008-2014). This study focused on CO, O3, and PMs data as dataset for other values were 
incomplete and most counties in the Eagle Ford Shale region had no monitors present.





 Description of the Continuous Ambient Monitoring Stations 
A typical CAM consists of instruments used for the measurement of air pollutants 
and other parameters in the atmosphere.  The instruments are housed in an instrument shel-
ter which has an intake probe or tube on the roof that draw in air with the help of a pump 
shown in Figure 9. These probes are pollutant specific and have different horizontal and 
vertical placements lengths that generally apply to all spatial scales except where noted 
otherwise.  For example, the required placement of the probe used for all O3 and SO2 mon-
itoring sites is between 2 and 15 meters above ground level while PM10 and PM2.5 sites are 
required to have sampler inlets between 2 and 7 meters above ground level (GPO, 2015).  
As seen in Figure 9, the air entering the inlet is analyzed as it passes through the 
various analyzers; the types of parameter measured depend on the purpose of the CAMs. 
The analyzers run 24 hours a day and are linked to data loggers, which are systems that 
gather the information from these stations and use conversion equations and computer pro-
grams to deliver the results (U.S. EPA, 2007).




Figure 8. Schematic diagram of a typical sampling system of an air quality monitoring 
station (Ionel, 2010). 
 
The data from these stations continuously monitor hourly, daily, monthly and yearly 
concentrations of NOx, SO2, CO, O3, PM10 and PM2.5. These fixed air monitoring stations 
are situated based on the needs of the area (e.g. population exposure, new pollution source, 
regional transport). These stations are able to measure the different pollutants by the use of 
the following collection/analysis methods: 
 Automated Gas Chromatograph Network (Auto GC), which measures 40-minute sam-
ples collected hourly; 
 Canister Sampler, which measures 24-hour sample every 6th day; 
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 Air Toxic Metal Sampler, which measures 24-hr samples of Total Suspended Particu-
lates (TSP), PM10 and PM2.5 collected every 3
rd or 6th day for source apportionment 
analyses; 
 Poly Aromatic Hydrocarbon Sampler (PAH) which samples PAH compounds using a 
gas chromatograph-mass spectrometer sampled every 6th day; and 
 Carbonyl Samplers, which uses high-performance liquid chromatography to measure 
carbonyl compound every 6th day of measurement. 
 
Study Area 
The study area for this research covered the 30 counties that make up the Eagle 
Ford Shale region (Table 4). This region is located in the southern region of Texas, and 
covers an area of 50 miles wide by 400 miles in length across Texas from the Mexican 
border up into East Texas. It extends from the Mexican border between Laredo and Eagle 
Pass, up to Waco as seen in Figure 10 (TCEQ, 2014). It comprises of sparsely populated 
rural communities and the residents rely primarily on farming and ranching for income 
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Figure 9. Map of Texas Showing Eagle Ford Shale counties (TCEQ, 2014). 
 
Climate 
Climate in the Eagle Ford Shale region is relatively similar, from the Southern re-
gions of the State (e.g. Webb, Dimmit, LaSalle, etc.) extending to its South-Eastern parts 
(e.g. Karnes, Dewitt, Wilson) and up to the Eastern part of the State (Brazos, Burleson, 
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Lee) each region having a strong seasonal pattern of both temperature and precipita-
tion. Figure 11 shows a climatograph of three regions in the EFS providing a general rep-
resentation of the prevailing weather condition in this region.  
The southern regions represented by Karnes County have a Köppen climate classi-
fication of Bsh as shown in Figure 11a, recognized by its steppe or hot semi-arid climate 
due to the high rate of evaporation and transpiration compared to precipitation. It is char-
acterized by hot summers with highs of up to 30ºC and mild winters with lows of approx-
imately 14ºC and low annual precipitation of 466 mm peaking at fall as shown in the cli-
matograph in Figure 10a.  
South-eastern and Eastern part of this region (Bee, Karnes, Fayette and Huntsville) 
have a Köppen climate classification of Cfa. This is the predominant costal climate of the 
United States, characterized by humid subtropical climate (Pidwirny, 2006). It is known 
for its hot and humid summers and mild winters. Mean temperature in this region ranges 
from 20ºC-22ºC with highs of 50ºC in summer months and low temperatures characteristic 
of winter months-10ºC-12ºc. Annual precipitation ranges from 800- 1000 mm, with a 
marked decline in summer months as shown in Figure 11. b and c.  
 
 
























Figure 10. Climatograph of the Eagle Ford shale Region showing prevailing temperature, 
precipitation and climate classification from 2001-2014 in (A) Laredo, TX, (B) Karnes, 
TX, (C) College Station, TX. (Jones, 2013). 
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Figure 12 shows wind roses of representative areas in the EFS. South- Laredo, 
South East- Beeville, East- College Station from 2008-2012. Wind rose data for the South-
ern region was taken from the Laredo International Airport weather monitor in Webb 
County for the period of Jan 1, 2008-Dec 31, 2012. In Figure 12a, from the Southern part 
of the EFS, the winds blow from SE heading NW with an average speed of 9.9 mph. Ap-
proximately 50% of the time the wind blows from the SW at 10-15 mph and high winds of 
20mph blowing 5% of the time in these years.  
For the South-Eastern part of this region as shown in Figure 12b, data was retrieved 
from the Beeville weather monitor in Bee County with approximately 40% of winds blow-
ing NW at 10-15 mph. Average wind speed in this area is 8.7 mph with calm wind speeds 
of 2-5 mph blowing westerly 9.5% of the time. The Eastern area have winds pushing from 
the south as shown in Figure 11c, with average speeds of 8.3 mph. Data was taken from 
the College Station weather monitor in Brazos County. Prevailing wind speeds head to the 
north 40% of the time with wind speed ranging from 10-15 mph and High wind speeds 
with calm Southerly winds blowing 14% of the time. 











Figure 11. Wind rose plots of some representative cities in the EFS from Jan 1, 2008-Dec 
31, 2014 in  (A) Laredo (B) Beeville (C) College Station (IEM, 2015). 
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The climatograph in Figure 11 and wind rose plots in Figure 12 showed that the 
EFS region have homogeneous climate with a lot of South coastal influence, particularly 
the Gulf of Mexico to the east. Temperature across this region is comparable with averages 
of 20-23ºC. Precipitation and humidity rises heading inland from the South towards the 
East due to conventional thunderstorm activity and mid-latitude tropical cyclones. 
 
Data Source  
All concentration datasets were retrieved from the TCEQ air monitoring database 
linked to the monitoring stations of concern covering the period from 2001 to 2014; 
monthly average pollutant concentrations of NOx, SO2, CO, O3, PM with an aerodynamic 
diameter equal to or less than 10 microns in diameter (PM10), PM with an aerodynamic 
diameter equal to or less than 2.5 microns in diameter (PM2.5). Information on number of 
drilled wells in the state was retrieved from TRRC website for well count of drilled oil and 
gas wells in the State. A summary table of the EFS counties and the monitoring stations 
present in them is shown in Table. 5. Table 6 shows the coordinates and addresses of these 
monitoring stations. 
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 County No of Monitors            County No of Monitors 
Dimmit 0 Fayette 1 
Karnes 1 Lee 0 
DeWitt 1 Leon 0 
McMullen 0 Austin 0 
La Salle 0 Maverick 1 
Webb 3 Colorado 0 
Atascosa 0 Bee 0 
Brazos 1 Duval 0 
Burleson 0 Goliad 1 
Gonzales 0 Grimes 0 
Madison 0 Milam 0 
Lavaca 0 Robertson 0 
Frio 0 Washington 0 
Live oak 0 Wilson 1 
Zavala 0 Bastrop 1 
      
64 
 





Site Name County Coordinates Address 
684 McKinney Roughs Bastrop 30.140877 
97.4588971 
1884 State Hwy 71 W.  
78612 




Easter wood Field Airport 
77840 
1602 Cuero Dewitt 29.134779 
-97.276575 
40 Cooperative Way, 
Cuero. 77954 
601 Fayette County Fayette 299624745 
-96.7458748 
636 Roznov Rd, 78954 
624 Coleto Goliad 28.720926 
-97.2208820 
Coleto, 77963 
655 Eagle Pass Maverick 28.704607 
-100.4511555 
265 Foster Maldonado, 
78852 




1070 Karnes Karnes 28.885481 
-97.9017420 
210 W. Calvert Avenue 
78118 




2020 Vidaurri Ave, La-
redo 
66 Laredo Bridge 27.5018255 
-99.5029843 
700 Zaragosa St, Laredo 




Mines Road 11601 FM 
1472, Laredo 




1404 Hospital Blvd. 
78114 





Evaluate the Changes in Air Quality in The Eagle Ford Shale  
Region Since the Inception of Hydraulic Fracturing 
Introduction 
In order to find out if there are significant changes in the air quality with time in the 
Eagle Ford Shale region that could be associated with hydraulic fracking activities, a test 
was carried out that showed the increase or decrease in variables of interest over some 
period of time (Onoz, 2003). Visual representation of collected pollution concentration 
data in graphs and tables shows in detail the changes in concentration through the years 
before and after the use of this hydraulic fracturing technology.  
There are many factors that can cause variations in the year to year monitoring of 
pollutant levels such as sampling frequency, sampling instruments, weather, emission fre-
quency, and the changes in the anthropogenic sources in the area.  In the analysis of results, 
the effect of the availability of monitoring stations within the time period under study,
completeness of concentration data, weather parameters such as wind, temperature, precip-
itation - on pollutant variation were determined.
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Data Collection  
There are up to date, twelve permanent continuous air monitoring stations that are 
responsible for measuring the air quality in these 30 counties. These monitors provide con-
centration data of six criteria pollutants; CO, O3, SOx, NOx, Pb and PMs as listed in Table 
7. Texas Air Monitoring Information System (TAMIS) database contains a comprehensive 
record that dates as far back as 1972 which is fed information from the different monitoring 
stations. Data on the TAMIS database are available on an hourly, daily, monthly and yearly 
basis for each region.  
Table 7. List of ambient air monitors in the EFS counties and the parameters  
monitored (TCEQ, 2014). 
County        Monitor Parameters Monitored 
Bastrop McKinney Roughs C684 O3, Wind 
Brazos College Station KCLL 5011 Weather 
Dewitt Cuero C1602 NOx O3, Temp, Wind 
Fayette Fayette C601 Ozone, PM2.5 
Goliad Coleto C624 O3, Temp, Wind 
Karnes Karnes County Courthouse C1070 H2S, NOX, Temp, Wind 
Maverick Eagle Pass C319 PM2.5 




Laredo Vidaurri C44 CO, O3, PM10 
World Trade Bridge C313 PM2.5 
Laredo Bridge C66 CO, PM10 
Wilson Floresville C1038 NOx, Temp, Wind              
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For the purpose of this study, the data used was collected for each month of the 
study period from the amount of information available. College station KCLL C5011 mon-
itors and Huntsville KUTS 5012 monitor only measured weather parameters such as wind, 
temperature and relative humidity, therefore these monitors were exempted from the con-
centration data retrieval process. Other exemptions were based on the completeness of the 
hourly data concentration of each monitor required for NAAQS comparison. USEPA re-
quires data to be 75% complete to be considered valid, therefore any pollutant concentra-
tion with less than 75% hourly concentration data was exempted from the data collected. 
In addition to missing data there was also error messages found in the database. These error 
messages were found in place of some hourly concentration data which also cause data 
incompleteness and those errors in data are summarized in Table 8. Therefore, the selection 
of monitors used for this analysis was based on their presence in the area of study and 
availability of historical concentration data record for criteria pollutants (2001-2014).  
Since oil and gas well extraction began in 2008 in the EFS, and have continued to 
present year, data collected covered not only the beginning of oil and gas activities in this 
region to present year (2008-2014), but also equivalent years before its onset (2001-2007). 
This manner of grouping was done to eliminate inconsistencies and bias. Table 9 shows 
list of counties in the EFS and their air monitoring stations showing the available pollution 
data (CO, O3, SOx, NOx and PMs) within the study time period of interest (2001-2014). 
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Table 8. List of error messages found in TAMIS database (TCEQ, 2015) 
Error code Meaning 
LST Lost data. Usually indicates that data was never collected. This may also 
be triggered by delays or breakdowns in data communications.  
QRE Data rejected because of failed or poor quality assurance results 
PMA Preventive maintenance. Indicates the instrument or monitoring site is 
undergoing maintenance and data collected is not valid data. 
NEG The measurement exceeds a lower limit and has too negative a value. It 
is possible to get small negative values under routine conditions, but 
large negative numbers indicate a problem in the data collection system. 
AQI Data rejected by TCEQ validators. The TCEQ validators have reviewed 
the data and determined that it is not valid. 
QAS Quality Control audit in progress. TCEQ conducts periodic Quality 
Control audit on each monitoring site 
SPN Automatic span check in progress. This is to check that the instrument 
calibration is holding. Span checks are generally performed once a week 
on each instrument and last from 2 to 4 hours. Non-scheduled span 
checks may be initiated at any time by TCEQ field operators - usually 
during the course of troubleshooting. 
 
After this elimination process, only two monitors, one in Webb County (Laredo 
Vidaurri or CAMS 44) and another one in Fayette County (Fayette County or CAMS 601) 
were found to have the required historical record (2001-2014) and met the completion cri-
teria necessary for use in this analysis. These two monitors only provide concentration data 
of CO, O3, PMS thereby limiting the concentration data used for this study to only three 
pollutants. Appendix B contains example of the downloaded data for each pollutant includ-
ing descriptive statics and the percentage of data that was found complete from the database. 
The complete downloaded data is available electronically. 
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Table 9. List of counties in the EFS and their air monitoring stations showing the 
available pollution data (CO, O3, SOx, NOx, PMs) within the study time period of in-
terest (2001-2014). 










X X X O O O O O O O O O O O 11 
De Witt Cuero 




O O O O O O O O O O O O O O 14 
Goliad Coleto X X X X X X X X O O O O O O 6 



















X X X X X X X X X X X O O O 3 
                              †Webb county monitors are classified as one due to their proximity 
     X-  Not available in this year.          
     O-Available in this year 
                             Counties not represented on the list do not have active air monitoring stations present. 
 
Treatment of Missing Data. 
As with most air quality or longitudinal studies the issue of missing data is una-
voidable and this can be as a result of varying factors. Equipment failure, measurement 
errors, scheduled equipment maintenance or financial constraints are among the most com-
mon factors leading to this (Yozgatligil, 2013). Several interpolation techniques have been 
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used in the past based on the length of the missing interval and the kind of studies con-
ducted (Moshenberg, 2015). 
For this study, the Cubic Spline interpolation techniques were chosen for estimating 
the missing monthly concentration data over time. A recent study concluded that the use 
of Cubic spline interpolation over data of ozone concentrations is considered as a tool for 
computing accumulated effects (Chervenkov, 2014). Both Cubic spline interpolation are 
simple interpolation techniques that ensure continuity of data between segments or data 
points. This means that derivative or estimated point is continuous from the known data 
point forming a stable and smooth curve (Bourke, 1999).  Ultimately the choice of inter-
polation technique in this study was based on the ability of the splining functions to gener-
ate sufficiently accurate surfaces from only a few sampled points (Anderson, 2002). A 
disadvantage is that they may have different minimum and maximum values than the data 
set and the functions are sensitive to outliers due to the inclusion of the original data values 
at the sample points.  
Computation of the Cubic spline interpolation techniques was done on Excel using 
the SRSl software add-in. Table 10-15 shows a summary table of the downloaded data with 
missing values for each of the pollutant.  The source data points were arranged in an X, Y 
format, with X as the reference year and Y as the monthly concentration value, (ignoring 
the missing values for x and y section). Another sampling table was created containing all 
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the X values for collected and missing data as shown in Figure 12a. The SRS1 function for 
cubic spline interpolation is chosen and source data for X and Y and input (X value for 
missing data) values were inputted in the function argument pop-up window. The resulting 
value shown in Figure 12b was used as the interpolated value for the missing year. 
 
 
Figure 12. Schematics of the SRS1 software in Excel showing (A) sample table 
preparation for interpolation and (B) computation of the cubic spline interpolation for 
missing data  
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Table 10. Summary table of the monthly ozone concentration data in ppb downloaded from LaredoVidaurri (C44) monitor 
in Webb County from 2001-2014 (TCEQ, 2014).  
Years Months STATISTICS 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Min Max Cap Ave SD 
2001 15 18 26 27 28 22 19 18 18 28 23 16 0 81 98.1% 22 4.6 
2002 20 26 26 29 34 26 19 24 27 20 19 19 0 81 97.4% 24.0 4.6 
2003 17 19 27 32 37 27 18 21 24 23 17 20 0 82 95.9% 24.0 6.0 
2004 16 26 26 28 27 20 22 24 24 19 15 16 0 88 98.7% 22.0 4.4 
2005 13 13 27 35 30 25 16 20 24 26 18 16 0 80 98.9% 22.0 6.7 
2006 19 18 22 26 24 24 17 18 26 21 23 16 0 71 97.5% 21.0 3.4 
2007 17 17 25 32 33 21 16 17 22 25 19 17 0 68 93.6% 21.0 5.7 
2008 17 24 31 31 25 18 14 15 16 19 15 14 0 88 97.6% 20.0 6.0 
2009 17 23 26 31 31 21 18 17 21 19 22 17 0 66 97.7% 22.0 4.8 
2010 21 23 30 29 26 16 11 17 17 28 24 21 0 76 98% 22.0 5.6 
2011 19 29 32 38 37 23 18 † MD MD MD MD MD 0 95 46.9% 28.0 7.6 
2012 MD MD MD MD MD MD MD 26  27 24 26 19 0 74 37.2% 24.0 2.9 
2013 20 26 33 30 27 19 23 22 20 22 20 15 -3 93 98.9% 23.0 4.9 
2014 19 20 28 32 33 17 18 22 18 25 20 13 -4 66 95.8% 22.08 5.9 
AVE 17.6 21.6 27.6 30.7 30.2 21.4 17.6 20.0 21.8 23.0 20.0 16.8  
SD 2.2 4.4 2.9 3.1 4.2 3.3 2.9 3.3 3.7 3.2 3.3 2.3 
MD-Missing data 
†Month less than 75% data      
cap- The calculated capture rate based on number of valid hourly averages divided by sample interval - either a day, a month, or a year. 
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Table 11. Summary table of the monthly CO concentration data in ppm downloaded from LaredoVidaurri (C44) monitor in 
Webb County from 2001-2014 (TCEQ, 2014). 
Years Months STATISTICS 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Min Max Cap Ave SD 
2001 0.7 0.5 0.5 0.4 0.3 0.4 0.4 0.4 0.5 0.4 0.5 0.6 0.3 0.7 98.1% 0.5 0.1 
2002 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.6 0.4 0.6 100% 0.5 0.1 
2003 0.7 0.6 0.5 0.5 0.6 0.5 0.4† 0.5 0.5 0.6 0.6 0.6 0.4 0.7 97% 0.6 0.1 
2004 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.6 0.6 0.4 0.6 100% 0.4 0.1 
2005 0.5 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.4 0.6 † 0.5 0.6 0.3 0.6 96% 0.4 0.1 
2006 0.6 0.4 0.3 0.4 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.6 0.3 0.6 100% 0.4 0.1 
2007 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.3 0.4 100% 0.4 0.0 
2008 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.5 0.5 0.2 0.5 0.2 0.5 100% 0.3 0.1 
2009 0.5 0.5 0.4 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.5 100% 0.4 0.1 
2010 0.4 0.4 0.4 0.5 0.4 0.4 0.3 0.3 0.4 QRE QRE QRE 0.3 0.5 70% 0.4 0.2 
2011 QRE QRE QRE QRE QRE QRE QRE QRE QRE QRE QRE QRE 0 0 0% 0 0.0 
2012 QRE QRE QRE QRE QRE QRE QRE QRE QRE QRE QRE QRE 0 0 0% 0 0.0 
2013 0.3 0.3 0.3 0.3 0.3 0.3 0.1 0.1 0.2 0.2 0.3 0.3 0.1 0.3 100% 0.2 0.1 
2014 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.4 100% 0.3 0.0 
AVE 0.5 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.4 0.4 0.5 0.5  
SD 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 
 
        Data from World Trade Bridge monitor (C100)  
        Data from EPA AQI   
   †Month less than 75% data  
    QRE-see Table 8. 
cap- The calculated capture rate based on number of valid hourly averages divided by sample interval - either a day, a month, or a year. 
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Table 12. Summary table of the monthly PM10 concentration data in ppm downloaded from LaredoVidaurri (C44) monitor 
in Webb County from 2001-2014 (TCEQ, 2014).  
Years Months STATISTICS 
 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Min Max Cap Ave SD 
















MD 23.9 24.3 40% 24.2 0.1 
 2002 24.3 24.1  24.4 24.4 25.2 24.6 24.4 24.4 24.6 24.1 24.4 24.9 24.1 25.2 100% 24.5 0.3 
 2003 24.3 24.5  MD MD MD MD MD MD MD MD MD MD 24.3 24.5 20% 24.4 0.1 
 2004 17.1 19.8 24.1 21.9 26.0 31.1 28.4 26.0 21.0 24.2 24.1 26.8 17.1 31.1 100% 24.2 3.7 
 2005 17.7 6.5 22.5 36.5 31.2 28.4 25.9† 27.8† 34.3 24.4 41.3 33.1 6.5 41.3 94% 27.5 8.8 
 2006 53.4 42.2 44.2 42.5 31.9 27.4 27.9 42.5 25.3 27.9 57.2 28.3 25.3 57.2 100% 37.6 10.4 
 2007 14.2 31.6 30.4 28.4 34.4 29.6 29.6 31.1 22.1† 35.3 32.2 37.2 14.2 37.2 97% 29.7 5.9 
 2008 7.4 25.8 41.9 29.2 32.2 29.8 27.5 23.9 26.3 22.7 27.3 28 7.4 41.9 100% 26.8 7.5 
 2009 26.7 29.5 26.1 29.6 28.8 23.8 40.1 29 17.7 18.8 22.8 14.8 14.8 40.1 100% 25.6 6.5 
 2010 16.6 16.5 26.3 22 23.6 22.8 23.4 21.9 19.6 23.8 27.8 29.5 16.5 29.5 100% 22.8 3.8 
 2011 20.8 25.3 29.8 46.5 28.3 PMA LST  MD MD MD MD MD 20.8 46.5 50% 30.1 8.7 




A 0.00 0.0 0% 0 0 
 2013 MD MD MD MD MD MD MD MD MD MD MD MD 0.00 0.0 0% 0 0 
 2014 12.1 MD  MD MD MD MD MD MD MD MD MD MD 12.1 12.1 10% 12.1 0 
 AVE 21.6 24.5 29.4 30.5 29.1 27.2 28.4 28.3 23.9 25.2 32.1 27.8  
 SD 11.1   8.5   7.3   8.1   3.4   2.9  4.8   6.0  4.8   4.5 
 
10.9   6.1 
PMA/LST-see Table 8. 
†Months with less than 75% data. 
MD- Missing data 
cap- The calculated capture rate based on number of valid hourly averages divided by sample interval - either a day, a month, or a year. 
 




Table 13. Summary table of the monthly PM2.5 concentration data in ppm downloaded from LaredoVidaurri (C44) monitor 
in Webb County from 2001-2014 (TCEQ, 2014). 
Years Months STATISTICS 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Min Max Cap Ave SD 
2001 8.6 8.9 8.2 14.1 11 10.9 10.2 10.3 7.9 7.9 9.4 8.1 7.9 14.1    9.6 1.7 
2002 10 7.9 10.6 13.1 13.7 8.3 12 12 9.8 6.1 5.9 7.2 5.9 13.7 100%   9.7 2.6 
2003 7.2 9.6 8.6 13 28.3 9.1 11.8 8.5 7.6 8.3 7.5 7.8 7.2 28.3  10.6 5.6 
2004 6.9 13.4 13.4 12.8 9.4 10.8 8.4 7.1 11.3 8.5 6.6 6.2 6.2 13.4    9.6 2.6 
2005 9.2 9.9 10.7 11.6 15.5 12.2 12.2 12.4 12.4 9.5 9.6 10.2 9.2 15.5  11.3 1.7 
2006 10.4 9.1 14.2 15.2 12.3 9.4 9.4 12.6 10.6 10.1 11 9.5 9.1 15.2 100% 11.2 1.9 
2007 7.1 11.7 10.4 10.4 13.9 12.2 12.2 12.6 9 10.7 11.5 9.5 7.1 13.9 100% 10.9 1.8 
2008 7.4 9.4 11.8 13.3 16.7 10.8 13.1 12 11.9 8.3 10 10.2 7.4 16.7 100% 11.2 2.4 
2009 9.9 10 8.7 12.5 16.3 MD 17 11.9 7.7 7.9 7.8 MD 7.7 17 83% 10.9 3.0 
2010 MD 6.7 9.1 10.4 10.4 11.9 12 11.4 8.5 11.3 8.9 12.6 6.7 12.6 92% 10.0 1.9 
2011 7.9 11.5 14.3 MD MD 10.2 11.2 11.3 11 7.6 9.6 7.5 7.5 22.2 83% 12.0 4.5 
2012 MD 8.9 10.1 12.3 11.3 10.3 12.7 11.2 8.2 8.5 9.4 10.7 8.2 12.7 92% 10.5 1.5 
2013 8.2 8.3 10.7 13.2 17.3 12.6 11.1 10.5 7 7.5 7.3 MD 7 17.3 92% 10.3 2.9 
2014 8.1 10.9 9.8 12.2 11.2 13.8 14.9 12.4 8.7 9.5 6.5 8.3 6.5 14.9 100% 10.5 2.4 
AVE 12.2 14.1 18.5 18.2 14.1 13.4 14.0 13.2 13.6 14.1 12.7  
SD 10.1 10.9 12.8 13.8 13.1 10.4 10.3 10.7 10.1 10.4 12.2 10.0  
Data from Laredo Bridge    MD-Missing data  
cap- The calculated capture rate based on number of valid hourly averages divided by sample interval - either a day, a month, or a year. 
 




Table 14. Summary table of the monthly ozone concentration data in ppb downloaded from Fayette County (C601) monitor 
in Fayette County from 2001-2014 (TCEQ, 2014). 
Years Months STATISTICS 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Min Max Cap Ave 
2001 MD MD MD MD MD 21* 15 20 29 33 LST MD 0 91 33.6% 24 
2002 MD MD MD MD MD MD 23 30 38 23 16† LST PMA 0 93 32.5% 29 
2003 MD MD MD CAL 42 33 22 29 37 35 26 SPZ 0 121 55.9% 32 
2004 MD MD MD 44† 33 22 31 38 35 23 22† MD 0 118 48.9% 31 
2005 MD MD MD 39 36 34 24 28 32† 35† 27 25 0 105 48.9% 31 
2006 31† 27 32 36 39† 41 23 23 34* 34 LIM MD 0 103 63.3% 32 
2007 MD MD 23† 33 33 19 18 25 29 32 PMA PMA 0 84 56.6% 27 
2008 PMA PMA PMA 38 32 21 18 21 31 32 30† QMA PMA 0 78 54.8% 27 
2009 MD MD LST 36 30 26 21 23 26 20 26† NEG LST 0 73 62.8% 26 
2010 LST MD MD MD 34 20 16 24 25 34 27 QAS  0 83 56.3% 26 
2011 QAS  QAS  QAS  34 36 28 22 28 43 38 38 QAS  1 85 60.6% 33 
2012 QAS  QAS  QAS  39† 34 31 18 23 32† 31 21† QAS  0 75 50.9 29 
2013 MD MD MD 24† 31 24 26 28 27 27 27† MD 0 58 57.9% 27 
2014 MD MD  MD 38† 40 21 25 28 24 31 29† <75% 0 96 55.9% 29 
AVE              
SD             
MD-Missing data 
LST/PM/QMA/NEG/QAS-see Table 8 
†Month with less than 75% data 
Average and Standard Deviation cannot be calculated for this data set due to the large amount of missing data for this pollutant. 
cap- The calculated capture rate based on number of valid hourly averages divided by sample interval - either a day, a month, or a year. 
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Table 15. Summary table of the monthly PM2.5 concentration data in ppb downloaded from Fayette County (C601) monitor 
in Fayette County from 2001-2014 (TCEQ, 2014). 
Years Months STATISTICS 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Min Max Cap Ave SD 
2001 MD MD MD MD MD MD MD MD MD MD MD MD 0 0 0% 0 0 
2002 MD MD MD MD MD MD MD MD MD MD MD MD 0 0 0% 0 0 
2003 MD MD MD MD MD MD MD MD MD MD MD MD 0 0 0% 0 0 
2004 MD MD MD 15.0 6.5 9.3 10.6 10.4 10.6 5.8 4.7 4.3 0 133.5 88.2 7.7 0 
2005 5.6 6.7 8.0 9.9 11.4 10.9 9.6 11.8 15.4 10.9 6.5 6.8 0 46.4 96.6% 9.4 2.7 
2006 6.1 7.0 10.5 11 10.2 12.7 8.5 10.1 9.1 8.5 7.7 3.7 0 62.3 97.9% 9.0 2.3 
2007 6.0 9.2 7.7 9.7 11.2 12.4 10.1 11.5 11.8 8.9 8.6 6.3 0 44.8 97.4% 9.4 2.0 
2008 5.3 7.8 10 10.1 12.9 8.5 11.6 10.6 11.3 7.9 8.0 8.5 -0.3 52.5 96.5% 9.4 2.0 
2009 7.3 7.6 8.2 8.6 11.5 8.8 15.4 10.4 9.6 5.7 8.0 5.3 0 42.0 97.6% 8.9 2.6 
2010 6.4 6.9 6.8 9.7 9.5 7.8 9.3 9.0 7.8 8.2 5.7 8.2 0 39.9 98.8% 8.0 1.2 
2011 6.7 7.2 9.7 13.1 11.9 8.6 8.2 7.9 8.8 5.9 5.3 6.8 0 135.7 98.7% 8.3 2.2 
2012 6.3 6.3 6.5 9.0 8.6 9.2 11.4 10.0 7.5 7.0 6.8 6.2 0 47.3 99.6% 7.9 1.6 
2013 6.0 5.6 7.2 8.8 9.6 11.2 10 10.5 7.2 6.1 5.9 7.6 0 58.0 98.9 8.0 1.9 
2014 5.0 7.7 8.0 8.6 7.0 10.7 12.7 10.5 7.0 7.1 4.8 6.3 0 47.0 96.9% 8.0 2.3 
AVE              
SD             
MD-missing data 
N/B. Fayette County PM2.5 monitor was activated in 2004 
Overall Average and Standard deviation was calculated after interpolation 
cap- The calculated capture rate based on number of valid hourly averages divided by sample interval - either a day, a month, or a year. 
 




After computation of the missing values using the interpolation method stated 
above, a summary of the standard deviation and average monthly concentration of O3, CO, 
PM10 and PM 2.5 for Webb county is shown in Table 16. For Fayette County, a concentra-
tion summary was computed for only PM 2.5 as shown in Table 17, Interpolation of missing 
values for ozone was not achievable due to the high number of missing values due to error 
in measurements from the continuous air monitoring stations 
 
Data Analysis 
The choice of test for this study for data analysis was dependent on the normality 
of the distribution of two groups of dependent data in order to assess difference of means 
in paired data. Since the data sampled is found to be from a non-parametric distribution, 
the significance of median differences between groups was tested with the nonparametric 
Wilcoxon signed-rank test. Assumptions made for the Wilcoxon test are; 
1) The two samples are dependent variable can be measured on an ordinal or continuous 
level  
2) The paired observations are randomly and independently drawn
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Table 16. Average monthly concentrations of O3, CO, PM10 and PM 2.5 after interpolation. Data period is from 2001-2007 
denoted with ‘before’ and concentrations from 2008-2014 denoted with ‘after’ retrieved from Laredo Vidaurri (C44) moni-
tor in Webb County (TCEQ, 2015). 
 
Month O3 concentration, ppb CO concentration, ppm PM10 concentration, µg/m3 PM2.5 concentration, µg/m3 
 Before After Before After Before After Before After 
 Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD 
Jan 16.7 2.2 19.1 1.6 0.6 0.1 0.3 0.1 25.0 12.2 17.4 5.8 8.5 1.3 8.7 1.8 
Feb 19.6 4.4 25.0 3.3 0.5 0.1 0.3 0.1 24.7 10.1 39.8 20.6 10.1 1.7 9.4 1.5 
Mar 25.6 1.6 30.6 2.6 0.4 0.1 0.3 0.1 27.7 7.1 34.9 7.2 10.9 2.1 10.6 1.8 
Apr 29.9 3.0 32.4 3.1 0.4 0.0 0.4 0.1 28.4 7.5 18.2 17.2 12.9 1.5 13.7 3.6 
May 30.4 4.2 30.4 4.2 0.4 0.1 0.3 0.1 28.4 3.7 36.3 10.9 14.9 5.8 14.7 3.4 
Jun 23.6 2.4 19.7 2.8 0.4 0.1 0.3 0.1 28.0 1.9 23.9 2.4 10.4 1.4 11.6 1.2 
Jul 18.1 2.0 18.0 4.2 0.4 0.0 0.2 0.1 27.2 1.6 13.0 15.7 10.9 1.4 13.1 2.0 
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Table 16. continued. Average monthly concentrations of O3, CO, PM10 and PM 2.5 after interpolation. Data period is from 2001-
2007 denoted with ‘before’ and concentrations from 2008-2014 denoted with ‘after’ retrieved from Laredo Vidaurri (C44) mon-












Month O3 concentration, ppb CO concentration, ppm PM10 concentration, µg/m3 PM2.5 concentration, µg/m3 
 Before After Before After  Before After Before 
 Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD 
Aug 20.3 2.7 21.3 5.0 0.4 0.1 0.2 0.1 29.3 5.9 11.9 11.8 10.8 2.1 11.5 0.6 
Sep 23.6 2.7 20.1 3.4 0.4 0.0 0.3 0.1 25.4 5.0 25.7 5.6 9.8 1.6 9.0 1.7 
Oct 23.1 3.1 23.7 3.7 0.5 0.1 0.3 0.1 27.3 4.4 36.4 15.1 8.7 1.4 8.7 1.2 
Nov 19.1 2.7 21.4 3.3 0.5 0.1 0.4 0.1 33.2 11.8 40.9 15.4 8.8 2.0 8.5 1.2 
Dec 17.1 1.6 17.3 3.2 0.6 0.1 0.4 0.1 29.8 5.0 68.1 45.4 8.4 1.3 9.8 1.5 
Ave 22.3 2.7 23.3 3.4 0.5 0.1 0.3 0.1 27.9 6.4 30.5 14.4 10.4 2.0 10.8 1.8 
SD 4.4 0.8 5.0 0.8 0.1 0.0 0.1 0.0 2.2 3.4 15.1 10.7 1.8 1.2 2.0 0.8 
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Table 17. Average monthly concentrations of PM 2.5 from 2001-2007 denoted with ‘before’ 
and concentrations from 2008-2014 denoted with ‘after’ retrieved from Fayette County 
(C601) monitor in Fayette County (TCEQ, 2015).                
 
  
Month PM2.5 concentration, µg/m3 
 Before After 
 Ave SD Ave SD 
Jan 5.1 0.6 6.1 0.7 
Feb 7.6 0.9 7.0 0.8 
Mar 8.7 4.2 8.1 1.3 
Apr 11.4 10.9 9.7 1.5 
May 9.9 5.1 10.1 1.9 
Jun 11.3 2.8 9.3 1.1 
Jul 9.7 1.6 11.2 2.2 
Aug 11.0 3.4 9.8 0.9 
Sep 11.7 5.9 8.7 1.4 
Oct 7.7 4.4 6.8 0.9 
Nov 6.9 3.2 6.4 1.2 
Dec 5.3 2.8 7.0 1.1 
Ave 8.9 3.8 8.4 1.3 
SD 2.2 2.6 1.6 0.4 
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The null hypothesis (Ho) is that there is no significant difference in the concentra-
tion of the air pollutants in the Eagle Ford Shale region in both time periods.  Which means 
that the median difference is equal to zero. The alternative hypothesis (Ha) is that there’s a 
significant change in the concentration of air pollutants in the EFS region in both time 
periods.  Depending on the outcome of the test, the Ho was accepted or rejected. These 
research hypotheses are further outlined below and an alpha level (α) of 0.05 was used for 
all hypothesis testing: 
Ho: There’s no change in the concentration of air pollutants in the EFS area in both 
time periods (XA and XB) (Or the median difference between the paired values is equal to 
zero- µd = 0).  
Ha:  There is a change in the concentration of air pollutants in the EFS area in both 
time periods (the median difference between the paired values is not equal to zero- µd ≠ 0). 
Where µd = median difference of air pollutants in both groups. 
The Wilcoxon tests as seen in Table 18-22 was computed by transforming each 
instance of XA—XB into its absolute values. In the event where the difference between XA 
and XB is zero, the values were disregarded since they do not provide useful information. 
The remaining absolute differences were ranked from lowest to highest, with tied ranks / 
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XA-XB/. starting with the smallest as 1. Ties receive a rank equal to the average of the ranks 
they span.  
The exact test statistics (W+) was calculated as the lowest value of sum of all signed 
ranks having a positive sign and W- is calculated as the sum of the negative ranks). Critical 
value for the test (α{T}) was calculated as T0.05(2) n, where n is the sample size. 
Therefore; W+ = ∑ Ri where Ri > 0), let Ri  denote the rank having a positive and 
negative sign, 
 The test for trend was based on the value of the w = which is Tα (2), n   
where α is the alpha level of significance (set at 0.05 for this study),  
n is the sample number whose difference ≠ 0,  
This value is looked up from Zar, (1981) Table B.28. The value is then compared to the 
test statistics and follows this decision rule:  
If /∑W+/ > w= Fail to reject the null hypothesis and vice versa. 
In other words, this means that if the value of /∑W+/ is greater than the critical value 
of T(α{T}), then can conclude that there is no change in the concentration of pollutants 
from the first-time period (2001-2007) to the second-time period (2008-2014). 
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 Table 18. Results of the Wilcoxon signed rank test computed on the average monthly 


























Jan 16.7 19.1 2.4 2.4 7.0 7  
Feb 19.6 25.0 5.4 5.4 12.0 12 T= 34 
Mar 25.6 30.6 5.0 5.0 11.0 11 N = 12 
Apr 29.9 32.4 2.6 2.6 8.0 8 α{T} = 25.4951 
May 30.4 30.4 0.0 0.0 1.0 0 A = 0.05 
Jun 23.6 19.7 -3.9 3.9 10.0 -10 Action(L)= -50.0 
Jul 18.1 18.0 -0.1 0.1 2.5 -2.5 Action(U) = 50.0 
Aug 20.3 21.3 1.0 1.0 5.0 5 Z = 1.3 
Sep 23.6 20.1 -3.4 3.4 9.0 -9 Accept Null 
 
P = 0.182 
Oct 23.1 23.7 0.6 0.6 4.0 4 
Nov 19.1 21.4 2.3 2.3 6.0 6 
Dec 17.1 17.3 0.1 0.1 2.5 2.5 
Months Before 
(Xi) 









Jan 0.6 0.3 -0.3 0.3 12.0 12  
Feb 0.5 0.3 -0.2 0.2 10.0 -10 T= -61 
Mar 0.4 0.3 -0.1 0.1 5.0 -5 n=12 
Apr 0.4 0.4 0.0 0.0 1.0 0 α{T}=25.4951 
May 0.4 0.3 -0.1 0.1 5.0 -5 α= 0.05 
Jun 0.4 0.3 -0.1 0.1 5.0 -5 Action(L)=-50.0 
Jul 0.4 0.2 -0.2 0.2 10.0 -10 Action(U)=50.0 
Aug 0.4 0.2 -0.2 0.2 10.0 -10 Z=2.4 




Oct 0.5 0.3 -0.2 0.2 10.0 -10 
Nov 0.5 0.4 -0.1 0.1 4.0 -4 
Dec 0.6 0.4 -0.2 0.2 9.0 -9 
Table 19. Results of the Wilcoxon signed rank test computed on the average 
monthly CO concentrations (in ppm) in Webb County, Texas. 
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Table 20. Results of the Wilcoxon signed rank test computed on the average monthly 
PM10 concentration (in µg/m




Table 21. Results of the Wilcoxon signed rank test computed on the average monthly 
PM2.5 concentrations (in µg/m
3) in Webb County, Texas. 
Months Before 
(Xi) 








Jan 8.5 8.7 0.2 0.2 2.0 2  
Feb 10.1 9.4 -0.7 0.7 6.5 -6.5  
Mar 10.9 10.6 -0.3 0.3 4.5 -4.5  
Apr 12.9 13.7 0.8 0.8 8.0 8  
May 14.9 14.7 -0.2 0.2 3.0 -3  
Jun 10.4 11.6 1.2 1.2 10.0 10  
Jul 10.9 13.1 2.2 2.2 12.0 12  
Aug 10.8 11.5 0.7 0.7 6.5 6.5  
Sep 9.8 9 -0.8 0.8 9.0 -9 
 
Oct 8.7 8.7 0.0 0.0 1.0 0 
Nov 8.8 8.5 -0.3 0.3 4.5 -4.5 
Dec 8.4 9.8 1.4 1.4 11.0 11 
Months Before 
(Xi) 









Jan 25 17.4 -7.6 7.6 4.0 4  
Feb 24.7 39.8 15.1 15.1 10.0 10 T=18 
Mar 27.7 34.9 7.2 7.2 3.0 3 n=12 
Apr 28.4 18.2 -10.2 10.2 8.0 -8 α{T}= 25.4951 
May 28.4 36.3 7.9 7.9 6.0 6 α =0.05 
Jun 28 23.9 -4.1 4.1 2.0 -2 Action(L)=-50.0 
Jul 27.2 13 -14.2 14.2 9.0 -9 Action(U)=50.0 
Aug 29.3 11.9 -17.4 17.4 11.0 -11 Z=0.7 
Sep 25.4 25.7 0.3 0.3 1.0 1 Accept Null 
 
P=0.480 
Oct 27.3 36.4 9.1 9.1 7.0 7 
Nov 33.2 40.9 7.7 7.7 5.0 5 
Dec 29.8 68.1 38.3 38.3 12.0 12 
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Table 22. Results of the Wilcoxon signed rank test computed on the average monthly 
PM2.5 concentrations (in ppb) in Fayette County, Texas. 
Months Before 
(Xi) 





















Feb 7.6 7 -0.6 0.6 3.5 -3.5 
Mar 8.7 8.1 -0.6 0.6 3.5 -3.5 
Apr 11.4 9.7 -1.7 1.7 10.5 -10.5 
May 9.9 10.1 0.2 0.2 1.0 1 
Jun 11.3 9.3 -2.0 2.0 11.0 -11 
Jul 9.7 11.2 1.5 1.5 8.0 8 
Aug 11 9.8 -1.2 1.2 7.0 -7 
Sep 11.7 8.7 -3.0 3.0 12.0 -12 
Oct 7.7 6.8 -0.9 0.9 5.0 -5 
Nov 6.9 6.4 -0.5 0.5 2.0 -2 
Dec 5.3 7 1.7 1.7 9.5 9.5 
 
Results and Discussion 
Webb County 
Webb County has three monitoring stations- Laredo Vidaurri (C44), World Trade 
Bridge (C313), Laredo Bridge (C66). These monitors measured O3, CO, PM10, and PM2.5. 
Below is the assessment of the pollution concentration data retrieved from these stations. 
Ozone 
 Figure 13 shows the yearly and monthly average concentration of pollutants that 
were compared; the data was divided into two groups, with one group containing yearly 
and monthly average concentrations before the use of the technology (2001-2007)-T1 and 
the other for after the introduction and use of this technology (2008-2014)-T2. A trend 
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analysis using the Wilcoxon signed rank test was carried out for this pollutant and it showed 
that at a 5% significant level, there was no significant difference in concentration of O3 
before hydraulic fracking use and after its use (p-value = 0.182). A look at the yearly av-
erage changes showed no significant change along the time period. The only noticeable 
event was the sudden spike in the ozone concentration in 2011 and 2012, which may be 
associated with the lack of adequate data available for those years. The monitoring station- 
Laredo Vidaurri C44 which is the only ozone monitor in the county, was only able to cap-
ture less than 50 % of data for the entire year in 2011 (46.9%) and 2012 (37.2%) resulting 
in an abnormally high ozone concentration or overshoots- which is one of the disad-
vantages of the cubic interpolation technique. 
For the monthly trend, there was no significant difference in ozone concertation for 
both time periods. In the first four months of the year, there was a slight increase in ozone 
concentration in T1 when compared to T2 which quickly declined to 18.1 ppb mid-year. It 
was also significant to note that both T1 and T2 have the same trend pattern year-round 
with highs and lows at almost the same time of the year. 





Figure 13. Variations in the yearly (a) and monthly (b) average concentrations of ozone 
before (2001-2007) and after (2008-2014) the onset of fracking in the EFS region.  Data 
were collected from the monitoring stations in Webb County. (Laredo Vidaurri (C44), 
World Trade Bridge (C313), Laredo Bridge (C66) monitors) (TCEQ, 2015). 




To further assess this data, the box plot in Figure 14 shows that the average monthly 
ozone concentration data from 2008-2014 (T2) is more spread than the average concentra-
tion for T1 but there is an overlap of both boxes at the median Q2 (21.7 and 21.35) with no 
significant difference but the spread of ozone concentration is larger in T2, meaning that 
there was higher ozone concentration recorded during T2 than T1. Based on the overall 
assessment of the plots, there is no certainty in the difference in trend for both time periods, 
hence, failed to reject the null hypothesis. This means that since W+>w, there was no sig-
nificant differences in the ozone concentrations between the two-time periods. 
Ozone variability or stagnation can be caused by multiple factors since it is a sec-
ondary pollutant, formed from the complex photochemical interaction of NOx and VOCs 
influenced by meteorology (Duenas, 2002). Since the statistical analysis above showed no 
significant change in ozone levels over 14 years despite the introduction of different indus-
tries, a look at the possible ozone precursors may shed light on the lack of significant 
change in the ozone levels in this region. 
























Figure 14. Box plot graph showing a comparison for ozone concentration before (2001-
2007) and after (2008-2014) the onset of hydraulic fracking in the EFS region. Data were 
collected from the monitoring stations in Webb County. (Laredo Vidaurri (C44), World 
Trade Bridge (C313), Laredo Bridge (C66) monitors) (TCEQ, 2015). 
 
 
Effect of Ozone Precursors 
Ozone precursors are the most important determinant to ozone formation. This is 
estimated by the VOC/NOX ratio. According to the EPA, the oil and gas industry was the 
largest industrial source of emissions of VOCs (U.S. EPA, 2015). Alvarez et al. (2009) 
Labels Before (2001-2007) After (2008-2014) 
Min 16.7 17.3 
Q1 18.85 19.55 
Median 21.7 21.35 
Q3 24.1 26.35 
Max 30.4 32.4 
IQR 5.25 6.8 
Upper Outliers 0 0 
Lower Outliers 0 0 
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reported that in conjunction with other greenhouse gases, NOx is a major pollutant emitted 
from production equipment exhaust, well drilling and fracking engines, well completions, 
gas processing, and transmission fugitives. A 2012 emission inventory study estimated that 
approximately 40.06 tpy and 15.68 tpy of VOC and NOx, respectively, were emitted in the 
Webb County (AACOG, 2014) which was the highest compared to the other counties in 
the EFS region. This increased emission concentration did not correlate with the data re-
trieved from the Webb County monitoring stations which showed that there was no signif-
icant change in ozone concentrations before and after the onset of fracking in this region.  
Since ozone is a secondary pollutant, there could be other factors that could con-
tribute to this trend such as weather, monitoring stations and proximity to emission source. 
A look at these factors may point to the cause of this trend. 
 
 
Effect of Weather 
Weather parameters such as temperature, wind speed and direction, precipitation 
have been shown to have a significant impact on ozone variability (Duenas et al., 2002, 
Flaum, 1996). Therefore, this section considered these parameters and their possible con-
tributions to the trend of O3 in the region. In the following discussion, no statistical analysis 
was done. The objective of the discussion is simply to show the comparison in trends of 
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the pollutants and the weather parameters. In the future, as suggested in the chapter 9, to 
verify if the effect of weather parameters is significant or not, appropriate statistical anal-
ysis needs to be applied. 
Effect of Temperature and Wind 
 Theoretically, temperature has a positive influence in ozone formation since it 
propagates the rate of the chain reaction of its precursor chemicals (Ruiz-Suarez, et al., 
1995). As for the influence of wind on ozone concentration, it has been shown that weaker 
wind speeds in polluted regions cause an increase in ozone concentrations due to the greater 
potential for pollutant accumulation of primary pollutants in stagnant conditions primarily 
during early mornings, while strong winds cause pollutant transport far away from receptor 
sites leading to lower ozone concentrations (Jacob, 2009; Zeldin, 1978). The yearly aver-
age temperature and wind speed was plotted against ozone yearly concentrations and are 
shown in Figures 15a & b.  
From Figure 15a there seem to be no correlation between temperature and ozone 
formation as changes in temperature has little effect on ozone concentration. This can be 
highly dependent on the availability of ozone precursors which could be a big factor here 
as the absence or low concentration of any of the chemicals determine ozone formation 
irrespective of conducive atmosphere for pollutant buildup. NOx emission levels have been 
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the determining factor in the peak ozone concentrations observed in many locations (Cha-
meides, 1992; National Research Council, 1991) acting as a net ozone generator or inhibi-
tor. A high VOC/NOx ratio means that the level of VOC is high and more ozone is formed 














Figure 15. Yearly comparison of (A) ozone concentrations vs and (B) ozone 
concentrations vs wind speed from 2001 to 2014 in Webb County (TCEQ, 2015) 
(Weather Source, 2015). 
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If the ratio is low, meaning there is a higher level of NOX compared to VOC, the 
NOX acts as an inhibitor causing a low amount of ozone in that region- (VOC limited). 
PAM network monitors in this region are available to provide VOC emissions from both 
point and non-point sources, but the absence of NOx monitors limits further ozone source 
assessment from precursor chemicals. 
During T2, the impact of temperature on ozone concentrations can be seen with 
more pronounced effect in 2011 and 2012.  Increase in temperature levels caused the cor-
responding shifts in the level of ozone measured but the influence is not pronounced. The 
direction and strength of the wind also affect ozone concentrations. A local and regional 
transport study on the effect of wind speed and direction on ozone levels concluded that 
lower wind speeds encourages accumulation of pollutants near source areas which ulti-
mately diminishes with increasing wind speed due to higher mixing (Husar, 1997). 
A dramatic increase in wind speed is observed in the Figure 16b. This increase also 
show a corresponding increase in ozone formation, possibly enhanced by the mixing of 
source emissions. Since ambient ozone concentrations are so strongly influenced by sto-
chastic and seasonal variations (Duenas, 2002), a look at the seasonal changes (monthly) 
in ozone concentration as opposed to yearly changes showed in detail the possible impact 
of weather parameters on changing ozone concentrations. Figure 19 showed a monthly 
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comparison of ozone concentration, temperature and wind speed from (A) during T1 and 
















Figure 16. Monthly comparison of ozone concentrations with temperature and wind from 
(A) 2001 to 2007 and (B) 2008-2014 in Webb County (TCEQ, 2015) (Weather Source, 
2015). 
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For both time periods, there is a noticeable change in ozone concentration during 
the summer periods. Both periods have similar temperature and wind speed levels with 
temperature highs in the summer months of June, July, August and wind level at its lowest 
during the same periods. Ozone concentrations showed a marked decline during the sum-
mer months despite the spike in temperature and may be attributed to the wind speeds. 
Rose diagrams were created to further explore these variables. Figure 17 shows wind rose 
plots of the average monthly wind directions for the summer months in select years for 
both time periods. The winds predominantly came from the southeast—onshore winds 
from the Gulf of Mexico with an average of 12-23 mph and highs of over 20 mph for both 
time periods. This may be evidence of ozone transportation from the Laredo region, hun-
dreds of kilometers north, discouraging the formation and accumulation of ozone which 
can be seen in the marked decline in ozone levels during this season. The months having 
the highest winds speeds occurred in the second-time period 2008-2014, which would 
cause a marked reduction in ozone concentrations even with increased emissions when 
compared to the first-time period. 
Despite the high temperature in summer months which are known to act as a cata-
lyst to ozone precursors, the ozone concentration was most strongly correlated with wind 
speed. This conclusion is supported by Jammalamadaka et al. (2006) where the concluded, 
after using several measures of correlation, that lower ozone levels were associated with 
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higher wind speeds since stronger winds generally came from the south (Jammalamadaka, 
2006).  
 
Figure 17. Wind rose plots showing summary of wind data in summer Months- June-
August in Webb County from (A) 2004(representative of T1) and B) 2011 (representative 
of T2) (IEM, 2015). 
     
Carbon Monoxide 
Results from the trend analysis done on the carbon monoxide concentration in 
Webb County using the Wilcoxon signed rank test showed a significant difference in the 
pollutant concentration (α= 0.05) between the two-time periods (p = 0.017). Figure 18 
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shows a marked difference in CO concentration levels during the 2001-2007 and 2008-
2014 time periods. 
 
Figure 18. Comparison of the average monthly carbon monoxide concentration during 
2001-2007 and 2008-2014 time pereiod measured in Webb County Texas (TCEQ, 2015). 
 
 
Box plots results in Figure 19 also confirmed the difference in concentration, with 
the Med, LQ and UQ of the CO concentration in the T2 being lower than concentrations 
in the T1.  The results from the above tests and statistics indicate a significantly higher 
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concentration in CO before the use of this technology in Webb County, thereby rejecting 










Figure 19. Box plot graph showing comparison of carbon monoxide concentrations 
before (2001-2007) and after (2008-2014) the onset of fracking in the EFS region.  Data 
were collected from the monitoring stations in Webb County (Laredo Vidaurri (C44), 
World Trade Bridge (C313), Laredo Bridge (C66) monitors).  
Labels Before (2001-2007) After (2008-2014 
Min 0.4 0.2 
Q1 0.4 0.3 
Median 0.4 0.3 
Q3 0.5 0.325 
Max 0.6 0.4 
IQR 0.1 0.025 
Upper Outliers 0 3 
Lower Outliers 0 2 




Carbon monoxide is a colorless, odorless gas emitted from combustion processes. 
It is formed when there is incomplete combustion of carbon-based fuels, such as coal, 
wood, and oil. It would be expected that there will be a significant increase in the concen-
tration of carbon monoxide after the start of oil and gas drilling in any area required for 
such large-scale industries. In addition, the use of heavy machinery such as trucks -used 
for transport water and equipment, drilling rigs, compressors and flaring are significant 
sources of CO emission. Contrary to these facts, the results showed that carbon monoxide 
has significantly declined after the start of oil and gas drilling activities in Webb County. 
One reason for this is the lack of adequate data available from measurement of carbon 
monoxide after oil and gas drilling began in this region. This can be seen in Figure 20- A 
map of Webb County showing air monitors that meet the completion criteria.  
The Webb County monitors do not have adequate data especially in the years after 
the start of oil and gas drilling in that region as seen in Figure 21a and b. There is a break 
in measurements in both charts from 2010-2012 and this is due to the data rejection because 
of failed or poor quality assurance results (QRE).  It can also be seen from Table 18 that 
CO emissions in Webb County is below the national standard of 35ppm. Therefore, addi-
tional monitors are not required in this region, instead, improved monitoring, and more 
efficient production operations in already existing monitors would be recommended for 
monitoring future possible exceedance. 




Carbon monoxide monitors that meet the minimum trends completeness criteria 
 Carbon monoxide monitors that have some data during the trend period but do not meet the minimum trends com-
pleteness criteria for 1990-2012  
Figure 20. Map of Webb County in Texas showing monitoring stations local trends for 
CO (U.S. EPA, 2016). 
 
Results from the trend analysis showed a marked reduction in CO levels during the 
summer months (June, July, August). Seasonal assessment of CO concentration showed 
elevated levels in winter time compared to spring and summer as seen in Figure 22. Studies 
have shown that colder temperatures bring greater fuel burning requirements (Zeldin, 
      
102 
 
1978), and since combustion is a major source of CO, there is a positive correlation be-















Figure 21. Local trend data of CO concentration showing unavailable data for CO 
pollutant from (A) Site 484790016 monitor and (B) Site 484790017 monitor in Webb 
County (TCEQ, 2015). 
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  For the warmer months, where maximum temperature and wind speed level ex-
ceeded other months (31ºC and 13 m/s respectively) there is a corresponding increase in 
atmospheric mixing which causes more dilution in ambient pollutant levels and in this case, 
causing the lowest CO concentration (0.2 ppm) recorded in this region compared to cooler 
months with maximum concentration of 0.6 ppm. 
 
Particulate matter 
Particulate matter (PM) is a complex mixture of extremely small particles and liquid 
droplets and consists of a variety of components, including acids (such as nitrates and sul-
fates), organic chemicals, solid cores with liquid coatings, metals, and soil or dust particles 
(U.S. EPA, 2016). They vary greatly in their physical and chemical properties and exist in 






























Figure 22. Seasonal comparison of CO concentration, temperature and wind speed during 
a. 2001-2007 and b. 2008-2014 measured in measured in Webb County (TCEQ, 2015) 
(Weather Source, 2015). 
 
PM10 
Analysis done on the PM10 data retrieved from Laredo Vidaurri (C44), World Trade 
Bridge (C313), Laredo Bridge (C66) monitors in Webb County, had mixed outcomes. First 
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the Wilcoxon signed rank test results for PM10 concentration showed that there was no 
significant difference in both time periods.  Although PM10 concentration seemed to in-
crease significantly in the first four months of the time period 2001-2007, the concentra-
tions rapidly declined in April as seen in Figure 26.  
 
 
Figure 23. Comparison of the average monthly PM10 concentration between two time 
periods in Webb County Texas (TCEQ, 2015). 
 
The box plot graph in Figure 24 also emphasizes the trend. PM10 concentrations 
during T2 are more varied and spread compared to T1. This can be due to the introduction 
of varied sources of PM10. Known sources of PM10 are dust stirred up by vehicles on roads 
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and also by residential burning prevalent in semi-arid regions such as this. Hydraulic frac-
turing operations involve the use of heavy machinery such as trucks -used for transporting 
water and equipment, drilling rigs, compressors, all of which are good sources of PM10 
emissions. In spite of this, there was no difference between the concentrations in both time 
period due to the small difference between the medians (2.5). 
From the study data, PM10 concentrations increase is evident in the T2 especially 
during the winter months and this trend quickly changed in the succeeding months. There-
fore, despite the expected increase in PM10 concentration other factors apart from emission 
levels played stronger roles in the ambient concentration of PM10. As with other pollutants, 
PM has been shown to be affected by the local and regional meteorology but the effect of 
meteorology on particulate matter (PM) is more complicated and uncertain than for ozone 
due to the diversity of PM components, the complex coupling of PM to the hydrological 
cycle, and various compensating effects (Wise, 2005). Precipitation frequency and mixing 
depth are important driving factors but projections for these variables are often unreliable 
(Jacob, 2009). Other significant influencing factors are wind speed, relative humidity and 
temperature. 




Labels Before (2001-2007) After (2008-2014 
Min 24.7 11.9 
Q1 26.75 18 
Median 27.85 30.3 
Q3 28.625 37.25 
Max 33.2 68.1 
IQR 1.875 19.25 
Upper Outliers 1 1 
Lower Outliers 0 0 
 
Figure 24. Box plot graph showing a comparison for PM10 concentration in two time 
periods measured in Webb County, Texas. 
 
A look at prevailing conditions of these factors sheds more light on the cause of 
variability of PM10 in the different seasons. 
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Effect of Temperature and Wind 
The finding that the concentrations of PM10 being higher in heating seasons (De-
cember to May) than in summer is consistent with other studies done on the effect of 
weather on pollutants (Jacob, 2009; Sun, 2015). As shown in Figure 25, through 2001-
2007 and 2008-2014, there is a consistent elevation of PM10 concentration occurring during 
the winter months as opposed to the summer months. This indicates that PM10 concentra-
tions increased as temperature decreased. There are some factors responsible for this. 
Winter months are known to have stagnant and dry conditions associated with at-
mospheric inversions, and these conditions encourage the accumulation of particulates near 
the earth's surface by increasing the potential for suspension of dust, soil, and other parti-
cles (Davis and Gay,1993, Chow and Watson, 2001). This results in the higher concentra-
tion of PM during the winter months and Figure 25. shows a sudden spike in the PM con-
centrations in December and continues until the month of April and begins a rapid reduc-
tion in particulate concentration with lows of 18-20 µg/m3 in summer months. In addition, 
PM concentration is particularly dependent on prevailing winds with low wind speeds 
shown to be conducive for PM buildup as seen in the first-time period with minimum 
speeds of 7.8 m/s having a corresponding high concentration of PM10 in the winter season 
of the first-time period. 










Figure 25. Monthly comparison of PM10 concentration with temperature and wind speed 
during (A) Before (2001-2007) and (B) After(2008-2014) measured in Webb County 
(TCEQ, 2015) (Weather Source, 2015). 
 




Trend analysis indicated that there was no change in the concentration of PM2.5 in 
Webb County during T1 and T2 at the 5% significant level. Visual representation of the 
line graph in Figure 26 also indicated a close pattern in the concentration of both concen-
trations. Comparing the box plots for both time periods showed a small difference in me-
dian (0.05), with overlap of upper and lower quartiles (Q1 and Q2) of both plots in Figure 
27. Statistically, the null hypothesis is true, which means that there was no significant 
change in PM2.5 concentrations from 2001-2007 and 2008-2014. 
 
Figure 26. Comparison of the average monthly PM2.5 concentrations between two time 
periods in Webb County, Texas (TCEQ, 2015). 
 









Figure 27. Box plot graph showing a comparison for PM2.5 concentrations in two time 
periods measured in Webb County, Texas. 
 
Fayette County 
Fayette County has one monitoring station -Fayette C601 measuring ozone and 
PM2.5 pollutants. Data available from this monitor was limited. For ozone concentrations, 
measurements from 2001-2014 was below the completeness criterion of 75% due to errors 
Labels Before (2001-2007) After (2008-2014 
Min 8.4 8.5 
Q1 8.775 8.925 
Median 10.25 10.2 
Q3 10.9 11.975 
Max 14.9 14.7 
IQR 2.125 3.05 
Upper Outliers 1 0 
Lower Outliers 0 0 
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in measurement or no measurements from the monitor as shown in Table 10. Interpolation 
of missing values was difficult since there was not enough source data from which to gen-
erate sufficiently accurate values. The closest pollutant monitor to the Fayette C601 mon-
itor is the McKinney Roughs (C684) monitor in Bastrop County which is over 43,495 miles 
away from the Fayette County monitor as seen in Figure 28 and therefore not a suitable 
substitute for pollutant measurements in Fayette County. Particulate matter measurement 
data were also limited as shown in Table 12, but was sufficient enough to be interpolated 
to generate data large enough to be used for the trend analysis. 
  
Particulate Matter 
No significant trend was found for PM2.5 concentrations in Fayette County in both time 
periods meaning that PM2.5 concentrations did not change significantly over the years. 
Concentrations for both time periods followed a similar pattern. Lower concentrations of 
PM2.5 were prevalent in winter season which quickly elevated during warmer months as 
seen in Figure 29. 




Figure 28. Map of Texas showing the distance of Fayette monitor (C601) in Fayette 



















Figure 29. Comparison of PM2.5 concentrations during 2001-2007 and 2008-2014 
measured in Fayette County, Texas (TCEQ, 2015). 
 
 
Effect of Temperature and Wind 
Figure 30 shows a line graph that compares the effect of temperature and wind 
speed on PM2.5 concentration in both time periods. Temperature is seen to have no effect 
on PM2.5 concentration, as monthly variation in its concentrations did not show a corre-
sponding variation in temperature. On the other hand, wind speed variation seems to have 
an effect on PM2.5 concentration in Fayette County for both time periods as decrease in 
wind speed have a negative correlation to PM2.5 concentrations. Marked decrease in wind 
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speed during the summer months also brought about a corresponding increase in PM2.5 
concentration. 
Wind rose plots in Figure 31 showed that the months of June, July and August for 
both time periods had strong Southeasterly winds heading Northwest, with average winds 
of 4.1 mph and 6.3 mph in the first and second time periods respectively. Regional transport 
of pollutant has been seen to occur. A study by Zeldin (1978) concluded that wind velocity 
is a function of distance from major source and in most non-urban areas such as in Fayette 
County, PM may increase as a function of the persistence of source to receptor winds.  
Most of the emission sources are located south of the monitoring station as seen in Figure 
32, and with strong Northwesterly winds prevailing in the area there is a marked rise in 









Figure 30. Comparison of PM2.5 concentration with temperature and wind speed during 
(A) before (2001-2007) and (B) after (2008-2014) measured in Fayette County  
(TCEQ, 2015) (Weather Source, 2015). 












Figure 31. Wind rose plots showing summary of wind data from 2004 (for T1) and 2011 
(for T2) in summer months- June-August from La Grange meteorology station Fayette 
County (IEM, 2015). 




Figure 32. Map of Texas, showing hydraulic fracturing wells in Fayette County and the 
nearby monitoring station (Railroad Commission of Texas, 2015). 
 
In summary, meteorological factors can complicate interpretation of pollution trend 
especially since each parameter has a unique effect on each pollutant. Also, yearly and 
monthly changes in meteorological condition also affected the observed trends signifi-
cantly which may sometimes deviate from postulated basic principles. These changes over 
time complicate the interpretation of source of pollution trend, either from weather, emis-
sion changes, lack of data or a combination of these three. This study has therefore set a 
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framework to detect the existence of pollution trend in the EFS but also to highlight how 
different factors affected the direction of a trend. 
Primary pollutants such as CO, NOx and sometimes PM under the influence of 
meteorological conditions and emissions, followed a similar pattern. They tended to have 
higher concentrations in winter and lower concentrations in summer as seen in Table 23. 
Pollutants formed from mixing of other pollutants are known as secondary pollutants (e.g. 
O3). They also followed patterns influenced by availability of precursor pollutants and also 
meteorological conditions, with higher levels of pollutants in the summer and lower levels 
in the winter.  
Table 23. Seasonal patterns of some pollutant concentrations (Zeldin, 1978). 
Pollutant Spring 
(M, A, M) 
Summer 
(J, J, A) 
Fall 
(S, O, N) 
Winter 
(D, J, F) 
CO Medium Low Medium High 
NOx Medium Low Medium High 
O3 Medium High Medium Low 
 
An emission inventory study (AACOG, 2014) revealed that most of the emissions 
of NOx and VOC in the EFS region were found to be from Webb, Dimmit, Karnes, and La 
Salle. Also, other counties such as McMullen, DeWitt, Gonzales, Live Oak, Frio, and Atas-
cosa also had significant emissions. Table 53 showed that most of these counties have no 
active air monitoring and therefore proper trend analysis has to incorporate these regions 
      
120 
 
with high emissions. As previously shown in Table 3, this comprehensive emission inven-
tory study showed significant increase of emissions from 2011 to 2012 and mathematical 
estimations from this study also showed subsequent emission increase from this sources in 
future years due to increase in oil and gas drilling activities.
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CHAPTER 8  
OBJECTIVE 2 
Assess the Adequacy of the Monitoring Network to Quantify the Air Qual-
ity in The Eagle Ford Shale Region using the EPA’s Assessment Criteria 
Listed In 40 CFR Part 58. 
 Introduction 
On October 17, 2006, the EPA finalized the amendments to the existing ambient air 
monitoring regulations found in 40 CFR part 58— Ambient Air Quality Surveillance: Sub-
part A—General Provisions, Subpart B—Monitoring Network, and Appendix D—Network 
Design Criteria for Ambient Air Quality Monitoring.  Part of the amendment required State 
and where applicable, local monitoring agencies to conduct a quinquennial network assess-
ment [40 CFR 58.10(e)] as partly quoted below: 
“(e) The State, or where applicable local, agency shall perform and submit to the 
EPA Regional Administrator an assessment of the air quality surveillance system every 5 
years to determine, at a minimum, if the network meets the monitoring objectives defined 
in appendix D to this part, whether new sites are needed, whether existing sites are no longer 
needed and can be terminated, and whether 
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new technologies are appropriate for incorporation into the ambient air monitoring net-
work. The network assessment must consider the ability of existing and proposed sites to 
support air quality characterization for areas with relatively high populations of suscepti-
ble individuals (e.g., children with asthma)
and, for any sites that are being proposed for discontinuance, the effect on data users other 
than the agency itself, such as nearby States and Tribes or health effects studies...” 
In essence this revision undertaken identify opportunities for burden reductions, 
update requirements as needed to address new technology, and improve the overall reada-
bility of the quality assurance sections. Adoption of this new ruling by different State and 
local agencies have led to the reorganizing and clarifying quality assurance requirements, 
simplifying and reducing data reporting and certification requirements, clarifying the an-
nual monitoring network plan public notice requirements, revising certain network design 
criteria for non-source-oriented lead monitoring which have led to the removal or addition 
of various ambient air monitors (U.S. EPA, 2015). 
In Texas, changes have been made over the years to existing ambient air monitoring 
network. A proposal in 2012 to decommission the PM2.5 TEOM monitor -Wichita Falls 
(AQS 48450315) due to its surpassing the minimum requirements, was approved by the 
EPA in March 2014. Also, the Isla Blanca Park monitor (AQS 480612004) which is a PM2.5 
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speciation monitor was replaced with a continuous PM2.5 TEOM monitor in June 2013 after 
a review and proposal in 2012 (TCEQ, 2014). 
Earlier studies in the Eagle Ford have focused on the effect of oil and gas activities 
on water quality. One of such studies examined two water bodies that had natural gas op-
eration done at varying distance. The first well pad-F1 was constructed directly in the chan-
nel of one stream and the second good pad was 15 meters away from the second stream. 
Analysis of the water bodies showed that 222% more runoff resulted from F1 than F2. 
Sediment yield was significantly greater at F1, with 13,972 kg ha−1 yr−1 versus 714 kg ha−1 
yr−1 at F2 on a per unit area disturbance basis for the 2009 water year. Significantly greater 
nitrogen and phosphorus losses were measured at F1 than F2 (McBroom et al., 2012).  
This study is focused on the impact of fracking on the air quality in the EFS region 
due to hydraulic fracturing, by comparing air quality before and after the use of this tech-
nology using statistical methods using data sourced from TCEQ air monitors. Adequacy of 
the effectiveness of these air monitors is assessed based on EPA’s regulations and criteria 
outlined in 40 CFR Part 58. Assessment using EPA regulations is critical, as this study 
helped to identify the areas requiring additional monitoring or areas requiring monitors to 
be moved or decommissioned.  It also provides more information on air monitors that are 
suitable to be used for an air quality trend analysis discussed in this chapter. 
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 Assessment Criteria  
The monitoring stations located in the Eagle Ford Shale region are all SLAMS or 
SPM. SLAMS were primarily set up by the state to address specific air quality management 
interests in comparison to the NAAQS, while SPM was used to accomplish specific or 
short-term monitoring goals by the States and local governments as explained in Chapter 
3. according to 40 CFR 58.20- Special Purpose Monitors.  The purpose for these monitors 
overtime changed to fit the current needs of the region. In this study, the assessment of the 
adequacy of the monitoring stations was based on the criteria stated in 40 CFR 58.10 - 
Ambient Air Quality Surveillance -Appendix D and are listed below: 
1. Monitoring Objectives and Spatial Sales, 
(a)   Provide air pollution data to the general public in a timely manner,   
(b) Support compliance with National ambient air quality standards (NAAQS) and 
emissions strategy development, and  
(c)   Support air pollution research studies.  
2. Need for new sites and termination of old ones, 
3. Need for new technology, 
4. Air quality characterization, and 
5. Effect of discontinuance of monitors on data users. 
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The method used for this assessment is based on one of EPA’s Techniques for Tech-
nical Assessments of Ambient Air Monitoring Networks. These techniques are grouped 
into three broad categories: site-by-site, bottom-up, and network optimization. The Site-
by-site method was used in this assessment because it follows a particular metric similar 
to the EPA assessment criteria used for this study. These metrics are; a) Number of param-
eters monitored, b) Trends impact, c) Measured concentrations, d) Deviations from 
NAAQS, e) Area served, f) Population served, and others.  After the evaluation, each of 
the eight monitoring stations were given a ‘YES’ or ‘NO’ grading depending on the out-
come of the assessment. The metric used for this analysis was independent of the other 
monitors in the network and only used to identified which monitors meet the criteria out-
lined above, monitors that are candidates for modification or removal, and areas needing 
additional monitors. 
Monitoring Objectives and Spatial scales 
These monitoring objectives describe the EPA’s minimum and basic monitoring 
requirements for air monitors within a network and set the framework for assessment of 
compliance.  Each objective is important and was considered individually. 
a) Provide air pollution data to the general public in a timely manner 
Raw pollution concentration data can be found in the TCEQ database in hourly 
averages. Sometimes these data have not yet been verified by the TCEQ and may change. 
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Data can also be presented to the public in a number of attractive and easy to understand 
formats including through air quality maps, newspapers, internet sites, and as part of 
weather forecasts and public advisories that help people understand when to take actions 
regarding their health. To make this possible, the U.S. EPA, NOAA, National Park Service, 
tribal, state, and local agencies have developed an Air Quality Index website (AIR Now) 
that provides the public with easy access to national air quality information (von Lehmden, 
1977).  Another useful source of air quality information is the EPA Air Quality System 
(AQS). It has a database containing every measured value the EPA has collected via the 
national ambient air monitoring program. The data in AQS is considered to be of the high-
est quality that have undergone several quality control tests and submitted by tribal, state, 
and local agencies and most useful in regulatory, academic, and health research communi-
ties.  
This assessment evaluated the timely availability of air quality data. Data from the 
TCEQ database is available to the public in hourly averages for all of the monitors but 
some of the information on this site have not been verified. On the AQS site, assessing the 
information was possible through the AQS API- Application Programming Interface for 
accessing the AQS Data Mart, which requires registration before data is extracted. Selec-
tion from drop down option for State and individual EFS counties showed that only Webb 
County had information available on the AQS site.  
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Table 24 shows that data from all the monitoring stations are uploaded hourly on 
the TCEQ database, awaiting validation and further analysis using EPA quality assurance 
criteria. But reporting on the AIR Now and AQS site is done by only the Webb County 
monitors.  Although the hourly upload meets the requirement for provision of air pollution 
data to the public, most of these data are only available in their raw form of which most 
have not yet been validated and analyzed. 
Table 24. Frequency and availability of hourly concentration data from monitors in 
the EFS region (TCEQ, 2015). 
County  Monitor Parameters  
Monitored 






O3, Wind Yes No 
Dewitt Cuero C1602 NOx O3, Temp, 
Wind 
Yes No 
Fayette Fayette C601 Ozone, PM2.5 Yes No 
Goliad Coleto C624 O3, Temp, 
Wind 
Yes No 























Wind              
Yes No 
Maverick Eagle Pass C319 PM2.5 Yes No 
Brazos 
College Station 
KCLL 5011 Weather Yes No 
Walker 
Huntsville 
KUTS 5012 Weather Yes No 
       
128 
 
b). Support compliance with national ambient air quality standard (NAAQS) and 
emission strategy development. 
There are primary and secondary standards for criteria pollutants set to provide pro-
tection to the public and the environment. Each state is expected to meet these standards 
for air quality shown in Table 25. Data from air monitors of various types have been used 
to ensure attainment and maintenance of these standards. Areas that are suspected to be in 
non-attainment of these standards require proper siting of monitors so as to produce data 
for NAAQS compliance determination, and also for emission strategy development.  
According to EPA Network Assessment Guidelines (Raffuse, 2006), sites measur-
ing concentrations (design values) that are very close to the NAAQS exceedance threshold 
are ranked highest in this analysis. These sites may be considered more valuable for 
NAAQS compliance evaluation. Design value is a statistic that describes the air quality 
status of a given location relative to the level of the NAAQS. Sites measuring concentra-
tions well above or below the threshold do not provide as much information in terms of 
NAAQS compliance. This technique contrasts the difference between the standard and ac-
tual measurements or design values.  
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Table 25. EPA’s National Ambient Air Quality Standards for six criteria pollutants as 
of October, 2011 (U.S. EPA, 2015) 
 
 
In order to successfully rank each monitor, the absolute value of the difference be-
tween the measured design value and the standard can be used to score the monitor. Mon-
itors with the smallest absolute difference compared to other monitors, was ranked as most 
important. However, monitors that have higher design values than the standard (i.e., those 
Pollutant 











8-hour 9 ppm Not to be exceeded more 
than once per year 1-hour 35 ppm 
Lead [73 FR 66964, 
Nov 12, 2008] 







Not to be exceeded 
Nitrogen Dioxide 





1-hour 100 ppb 98th percentile of 1-hour 
daily maximum concentra-
tions, averaged over 3 years 
primary and  
secondary 
Annual 53 ppb  Annual Mean 
Ozone 
[73 FR 16436, Mar 
27, 20013] 
primary and  
secondary 
8-hour  85 ppb  Annual fourth-highest daily 
maximum 8-hr concentra-









PM2.5 Primary Annual 12 μg/m3 annual mean, averaged over 
3 years 
Secondary Annual 15 μg/m3 annual mean, averaged over 
3 years 
primary and secondary 24-hour 35 μg/m3 98th percentile, averaged 
over 3 years 
PM10
   
primary and secondary 24-hour  
150 μg/m3
  
Not to be exceeded more 
than once per year on aver-
age over 3 years 
Sulfur Dioxide 
[75 FR 35520, Jun 
22, 2010] 
[38 FR 25678, Sept 
14, 1973] 
Primary 1-hour 75 ppb  99th percentile of 1-hour 
daily maximum concentra-
tions, averaged over 3 years 
Secondary 3-hour 0.5 ppm Not to be exceeded more 
than once per year 
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in violation of the standard) may be considered more valuable from the standpoint of com-
pliance and public health than those with design values lower than the standard, but with a 
similar absolute difference. Thus, absolute values of the difference can be ranked by peak 
concentration. Each pollutant has different data handling convention and specifications for 
use in NAAQS comparison. They are:  
O3: Comparison shall be based on three consecutive, complete calendar years of air quality 
monitoring data. This requirement is met for the three-year period at a monitoring site if 
daily maximum 8-hour average concentrations are available for at least 90%, on average, 
of the days during the designated ozone monitoring season, with a minimum data com-
pleteness in any one year of at least 75% of the designated sampling days. Years with 
concentrations greater than the level of the standard shall not be ignored on the ground that 
they have less than complete data- 40 CFR Part 50 Appendix P. 
Pb: A Pb design value that meets the NAAQS is considered valid if it encompasses a 3-
year calendar period and the two previous months. For sites that begin monitoring Pb after 
this rule is effective but before January 15, 2010 (or January 15, 2011), a 2010-2012 (or 
2011-2013) Pb design value that meets the NAAQS will be considered valid if it encom-
passes at least 3-year calendar period). Data completeness requirements is met if the aver-
age of the data capture rate of the three constituent monthly means (i.e., the 3-month data 
capture rate) is greater than or equal to 75 percent-40 CFR Part 50 Appendix R. 
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CO:  An 8-hour average shall be considered valid if at least 75 percent of the hourly aver-
age for the 8-hour period are available. In the event that only six (or seven) hourly averages 
are available, the 8-hour average shall be computed on the basis of the hours available 
using six (or seven) as the divisor- 40 CFR Part 50.8 (c) 
PM: The 24-hour primary and secondary standards are attained when the expected number 
of exceedances per year at each monitoring site is less than or equal to one. In the simplest 
case, the number of expected exceedances at a site is determined by recording the number 
of exceedances in each calendar year and then averaging them over the past 3 calendar 
years. To demonstrate attainment of the 24-hour standards at a monitoring site, the monitor 
must provide sufficient data to perform the required calculations- 3 years of representative 
monitoring data that meet the 75 percent criterion should be utilized, if available, and 
would suffice. More than 3 years may be considered, if all additional representative years 
of data meeting the 75 percent criterion are utilized. In the event that the completeness 
criteria are not established, nonattainment of the 24-hour primary standards can be estab-
lished by the observed annual number of exceedances (e.g., four observed exceedances in 
a single year)- 40 CFR Part 50 Appendix K.  
PM2.5: A 24-hour average concentration of PM2.5 shall be considered valid if at least 75 
percent of the hourly averages (i.e., 18 hourly values) for the 24-hour period are available. 
Twenty-four-hour periods with seven or more missing hours shall also be considered valid 
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if, after substituting zero for all missing hourly concentrations, the resulting 24-hour aver-
age daily value is greater than the level of the 24-hour PM2.5 NAAQS (i.e., greater than or 
equal to 35.5 µg/m3)- 40 CFR Part 50 Appendix N. 
NO2- An annual primary standard design value is valid when at least 75 percent of the 
hours in the year are reported or the 3-year average of annual 98th percentile daily maxi-
mum 1-hour values for a monitoring site (referred to as the “1-hour primary standard design 
value”). -40 CFR Part 50 Appendix S. 
SOX - 1-hour primary standard design value is valid if it encompasses three consecutive 
calendar years of complete data. A year meets data completeness requirements when all 4 
quarters are complete. A quarter is complete when at least 75 percent of the sampling days 
for each quarter have complete data. In the case of one, two, or three years that do not meet 
the completeness requirements, the 3-year 1-hour primary standard design value shall nev-
ertheless be considered valid if at least 75 percent of the days in each quarter of each of 
three consecutive years have at least one reported hourly value, that is above the level of 
the primary 1-hour standard-40 CFR Part 50 Appendix T. 
The data completeness requirement according to 40 CFR Part 50 is summarized in Table 
26. 
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Table 26. Data completeness requirement for ambient air monitoring data by pollu-
tant-40 CFR Part 50 (GPO, 2015). 
 Averaging Time 
Pollutant 1-hr 3-hr 8-hr 24-hr Quarterly Annual 










 75% of 
hourly val-
ues per 
quarter in a 
year 
O3 45, 1 
min. 
values 
 75% of 
hourly 
values 
   







 75% of 
hourly val-
ues 
 75% of 
hourly val-
ues per 
quarter in a 
year. 
NO2 45, 1 
min. 
values 
     
PM10 45, 1 
min. 
values 




PM2.5 45, 1 
min. 
values 
  75% of 24-
hour aver-
age values 
or 18 hrs. 
min. 
 75% of 
quarterly 
values in a 
year 
Pb 45, 1 
min. 
values 
  75% of 24-
hour aver-
age values 
or 23 hrs. 
min 
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After the completeness goal was satisfied, an assessment of concentration of meas-
ured pollutants compared to the NAAQS (according to the monitoring objective in Appen-
dix D to 40 CFR 58) was carried out for each monitor. This assessment is key in ranking a 
monitor’s value for use in attainment or maintenance plans by calculating the absolute dif-
ference between the measured design value (3year average peak concentration) and the 
standard. Monitors was ranked low or moderate or high compared to the other monitors. 
Higher rank is given to monitors with the smallest absolute value. This assessment is also 
useful for evaluating compliance with NAAQS for public health using the Air Quality In-
dex (AQI) shown in Table 27 for a given area by checking for monitors that have concen-
trations in violation of the standard.  
Table 27. Air Quality Index showing concentration range of pollutant and correspond-
ing levels of concern 
Air Quality Index Values  
(Concentration Range) 
Levels of Health Concern 
0 to 50 (0 - 59 ppm) Good 
51 to 100 (60 - 75 ppb) Moderate 
101 to 150 (76 – 95 ppb) Unhealthy for Sensitive group 
151 to 200 (96 - 115 ppb) Unhealthy 
2001 to 300 (116 - 375 ppb) Very Unhealthy 
 
The first monitor to be assessed was the McKinney Roughs C684 O3 monitor in 
Bastrop County. According to the assessment criteria for ozone, a recent three-year average 
design value for the pollutant was compared against NAAQS for O3 as shown in Table 28. 
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The data collected for this pollutant did not satisfy the completeness criteria. For NAAQS 
comparison, which when compared to the AQI showed moderate ozone exposure. In spite 
of this, this monitor cannot be used for NAAQS comparison since it failed to fulfil its 
completeness criteria. The assessment was included here for emphasis. 
 
Table 28. Assessment of McKinney Roughs site-C684 in Bastrop County in Compari-
son with O3 NAAQS (70 ppb) (TCEQ, 2015). 
Year Percent Valid Days 4th Highest Daily Max 
8-hour Conc. (ppb)** 
2012 57.6 % 71 
2013 58.2 % 64 
2014 58.9% 53 
Design value* 58.23% 63  
Health concern                                  Moderate 
*The 3- year average for O3 concentration value and % completion for NAAQS comparison uses three most 
recent, consecutive calendar years of monitoring data but fails to meet the data completeness requirements 
(40CFR 50.2). 
**Annual fourth-highest daily maximum refers to the fourth highest value measured at a monitoring site 
during a particular year. 
 
The Fayette County (C601) monitor located in Fayette County measures both an O3 
and PM2.5. The O3 cannot be used for NAAQ comparison since it did not meet the com-
pleteness criteria of 75%.   The PM2.5 monitor meets the completeness criteria of 40 CFR 
Part 50.7. It has shown attainment for the previous three years, and does not exceed the 12 
μg/m3 NAAQS for PM2.5 in any year, shown in Table 29. Since its design value was 7.9 
μg/m3, it is rated moderate in importance compared to other PM2.5 monitors when used to 
compare its health implication on the AQI scale and can be used for NAAQS comparison. 
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Table 29. Assessment of Fayette site-C601 in Fayette County in comparison with O3 
and PM2.5 NAAQS 70 ppb and 12 μg/m











(4th Highest Daily 





2012 50.9% 99.6 % 68 7.9 
2013 57.9% 98.9 % 64 8 
2014 55.5% 96.9 % 69 8 
Design value* 54.8% 98.5% 67 7.9 
Health concern                            Moderate  Good 
*The 3- year average for O3 concentration value and % completion for NAAQS comparison uses three most 
recent, consecutive calendar years of monitoring data meeting the data completeness requirements (40CFR 
50.2). 
**Annual fourth-highest daily maximum refers to the fourth highest value measured at a monitoring site 
during a particular year. 
** Annual mean refers to a weighted arithmetic mean, based on quarterly means. 
 
According to the completion goal for O3, a valid day has to have 75% of hourly 
values for the previous 3 years to be used in assessment. The Coleto O3 monitor (C624) 
did not meet this goal and also did not match up the exemption criteria for exceedance of 
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Table 30. Assessment of Coleto Site (C624) in Goliad County in comparison with O3 
NAAQS (0.070ppb) (TCEQ, 2015). 
Year Percent Valid Days O3 4th Highest Daily Max 8-hour Conc. 
(ppb)** 
2012 59.6 % 66 
2013 58.7% 64 
2014 62.0% 65 
Design value† 60.1%† 65* 
Health concern  Moderate 
†The 3- year average for O3 concentration value for NAAQS comparison uses three most recent, consecutive 
calendar years of monitoring data meeting the data completeness requirements (40CFR 50.2). Since both 
valid days and 4th highest daily concentration is less than standard; this site cannot be used for NAAQS 
comparison. Only added here for emphasis. 
****Annual fourth-highest daily maximum refers to the fourth highest value measured at a monitoring site 
during a particular year. 
 
In the assessment of the Karnes County Courthouse NO2 monitor (C1070), the first 
standard (98th percentile of 1-hour daily maximum concentrations, averaged over 3 years) 
could not be used due to the lack of data covering three years. The second standard was 
applied (Annual mean).  The monitor was found to be in compliance with the 40 CFR Part 
50.11 and since it has a design value of 2.9 ppb as seen in Table 31, which was significantly 
lower than the 53 ppb NAAQS for NO2.  
Table 31. Assessment of Karnes County Courthouse Site (C1070) in Karnes County 
in comparison with NO2 NAAQS (53ppb) (TCEQ, 2015). 
Year Percent Valid Days NO2 
 
NO2 (Annual mean) in ppb† 
2015 85.4% 2.9 
Ranking 
Health concern 
 /53-2.9/ = 50.1  
Good 
†Annual mean refers to a weighted arithmetic mean, based on quarterly means  
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The Laredo Vidaurri site (C44) has both a CO and an O3 monitor located in Webb 
County. This monitor did not meet the completeness criteria of 40 CFR Part 50.10 as shown 
in Table 32.   
Table 32. Assessment of Laredo Vidaurri site (C44) in Webb County in comparison 
with CO and O3 NAAQS (9 ppm, 70 ppb,







CO (Not to be 
exceeded more 
than once per 




hour Conc. In 
ppb. § 
2012 0% 37.2 % 0 61 
2013 89.7 % 98.9 % 0 65 
2014 98.7 % 95.8% 0 57 
Design value† 62.8% 77.3% 0 61 
Health concern   Low  Moderate 
†The 3- year average for O3 and CO concentration value and completeness criteria for NAAQS comparison 
uses three most recent, consecutive calendar years of monitoring data meeting the data completeness require-
ments (40CFR 50.2). 
**8-hour average highest value 
§Annual fourth-highest daily maximum refers to the fourth highest value measured at a monitoring site dur-
ing a particular year 
 
Design value of PM10 is based on 24 hr. average exceedances in a year. Assessment 
of the Laredo Vidaurri PM10 monitor-C44 showed a design value of 0 and is ranked low in 
importance when assessing compliance to NAAQS (Table 33). Since the 2011 data com-
pleteness criteria were not met (<75%) therefore this monitor cannot be used for NAAQS 
compliance assessment.  
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Table 33. Assessment of Laredo Vidaurri site (C44) in Webb County in comparison 
with PM10 NAAQS (150 μg/m
3) (TCEQ, 2015). 
Year Percent Valid Days  
PM10 
PM10 
(Not to be exceeded more than once 
per year over 3 years) in μg/m3 § 
2009 98.5 % 0 
2010 97.5 % 0 
2011 34.4 %† 0 
Design value‡ 76.8% 0 
Health concern  Good 
†completeness criteria are not met (<75%) 
‡The 3- year average for PM10 concentration value and completeness criteria for NAAQS comparison uses 
three most recent, consecutive calendar years of monitoring data meeting the data completeness requirements 
(40CFR 50.2). 
§number of expected exceedances per year 
 
The Laredo Bridge site currently has one CO monitor. The assessment in Table 34 
shows that the monitor meets the criteria of 40 CFR Part 50.8 since its design value was 
significantly less than the 9 ppm NAAQS for CO assessment. Therefore, it is rated low in 
importance. This monitor cannot be used for NAAQS comparison because it fails to meet 
the completion criteria in 2012. 
The PM2.5 monitor present at the World trade bridge site-C313 was found to meet 
the criteria of 40 CFR Part 50.7. Its design value (10.4 μg/m3) was lower than the 12 μg/m3 
NAAQS for PM2.5, and the absolute difference with the NAAQS was small (1.6 μg/m
3) as 
seen in Table 35, which means that there was a high health concern for sensitive population 
in this region for this pollutant. 
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Table 34. Assessment of Laredo Bridge site in Webb County in comparison with CO 
NAAQS (9 ppm) (TCEQ, 2015). 
Year Percent Valid 
Days CO 
CO 
(Not to be exceeded more than once per year) in 
ppm§ 
2012 † 0 0 
2013 87.2 % 0 
2014 99.1 % 0 
Design value ‡  0 
Health concern  Good 
†No current PM2.5 measurements at this site in this year 
 ‡ The 3- year average for PM2.5 concentration value and completeness criteria for NAAQS comparison uses 
three most recent, consecutive calendar years of monitoring data meeting the data completeness requirements 
(40CFR 50.2). 
§ number of expected exceedances per year. 
 
Table 35. Assessment of World Trade Bridge site-C313 in Webb County in compari-
son with PM2.5 NAAQS (12 μg/m
3) (TCEQ, 2015). 
Year Percent Valid 
Days PM2.5 
PM2.5 
(Annual mean) in μg/m3  
2012 95.2 % 10.4 
2013 94.7 % 10.2 
2014 94.6 % 10.6 
Design value † 94.8% 10.4 
Health concern  Good 
†The 3- year average for O3 concentration value and completeness criteria for NAAQS comparison uses 
three most recent, consecutive calendar years of monitoring data meeting the data completeness requirements 
(40CFR 50.2). 
 
The Floresville Hospital Blvd site (C1038) was added in 2013. Even though it is a 
fairly recent site that has an NO2 monitor, its design value of 2.7 ppb shows that the site is 
in compliance with the 40 CFR Part 50.11 and is ranked low in importance- Table 36. 
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Table 36. Assessment of Floresville Hospital Blvd site (C1038) in Wilson County in 
comparison with NO2 NAAQS (53 ppb) (TCEQ, 2015). 
Year Percent Valid Days NO2 
 
NO2 (Annual mean) in ppb 
2014 75.5 % 2.7 
Ranking  /55-2.7/ = 52.3 (Good) 
 
The Eagle Pass site- C319 is located in Maverick County and has a PM2.5 monitor. 
The assessment showed that the monitor meets the criteria of 40 CFR Part 50.7- Table 37.  
The monitor has shown attainment, with a design value significantly lower than the PM2.5 
NAAQS of 12 μg/m3, its ranking is rated moderate on the AQI scale. 
Table 37. Assessment of Eagle Pass site C319 in Maverick County in comparison 
with PM2.5 NAAQS (12 μg/m
3) (TCEQ, 2015). 
Year Percent Valid Days PM2.5 
 
PM2.5 
(Annual mean) in μg/m3 
2012 75.1% 8.8 
2013 93.4 % 8.3 
2014 94.8% 9.6 
Design value † 87.7% 8.9 
Health concern  Good 
†The 3- year average for PM2.5 concentration value and completeness criteria for NAAQS comparison uses 
three most recent, consecutive calendar years of monitoring data meeting the data completeness requirements 
(40CFR 50.2). 
 
After the assessment of the EFS monitors, it can be seen in Table 38 that only six 
of the pollutant monitors are adequate to be used for NAAQS compliance. 
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Table 38. Summary of the pollutant measured, its design values and ranking of the 
monitors in EFS in compliance with NAAQS 
Monitor Pollutant Design value Ranking* 
McKinney Roughs (684) O3 63 ppb Moderate but cannot be used 
for NAAQS comparison 
Fayette (C601) O3 67 ppb Moderate but cannot be used 
for NAAQS comparison 
PM2.5 7.9 μg/m3 Good but cannot be used for 
NAAQS comparison 
Coleto (C624) O3 65 ppb Moderate but cannot be used 
for NAAQS comparison 
Karnes (C1070) NO2 2.9 ppm Good but cannot be used for 
NAAQS comparison 
Laredo Vidaurri (C44) O3 61 ppb Moderate but cannot be used 
for NAAQS comparison 
CO 0 Good but cannot be used for 
NAAQS comparison 
PM10 0 Good but cannot be used for 
NAAQS comparison  
Laredo Bridge (66) CO 0 Good but cannot be used for 
NAAQS comparison 
World Trade Bridge 
(313) 
PM2.5 10.4 μg/m3 Good, can be used for NAAQS 
comparison 
Floresville C1038 NO2 2.7 ppb Good, can be used for NAAQS 
comparison 
Eagle Pass C319 PM2.5 8.9 μg/m3 Good, can be used for NAAQS 
comparison 
 
*Ranking is based on its design value compared to AQI scale 
 
c). Support for air pollution research studies 
The EPA conducts research that provides the critical science to develop and im-
plement the Clean Air Act regulations that protect the quality of the air we breathe. They 
have also provided tools and information and guidelines to citizens, communities, air 
quality managers and regulators to reduce air pollution. Some of such tools are the Air 
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Quality Index (AQI) for rating air quality. This scale is based on the National Ambient 
Air Quality Standards (NAAQS) found on their AIRNOW website and is described in the 
Code of Federal Regulations, Part 58, Appendix G. 
Notable amongst these studies is one spearheaded by Global Community Monitor 
(GCM), a well-known anti-fracking organization (Macey et al., 2014). Its bucket method 
of air sampling using Tedlar bags in Summa canisters was debunked by the EPA and 
CDPHE as being scientifically unsound due to the fact that the Tedlar bags could contain 
high background concentrations of some VOC’s and hydrogen sulfide and some chemi-
cals could be unstable if not tested within 24-48 hrs. (CDPHE, 2001) (U.S. EPA, 2001). 
Other discrepancies cited in these studies were the sampling methods and length as inade-
quate determinant of both short and long term exposure and subsequent health effects 
(CDPHE, 2011).  
Most air pollution assessment studies require long periods of concentration meas-
urements (ranging from months to years) and depending on the size of the area of inter-
est, personal mobile air monitoring becomes cumbersome and expensive. State or local 
continuous monitoring programs and monitors most times provide additional and long 
term data measurements to researchers and air monitoring managers for health effect as-
sessment, peak air pollution levels, typical levels in populated areas, air pollution trans-
ported into and outside of a city or region, and air pollution levels near specific sources.  
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Monitors that have a long historical record are valuable for tracking trends. In this 
analysis, sites are ranked based on the duration of the continuous measurement record (Raf-
fuse, 2007). The table below shows the number of annual averages available for different 
pollutant concentration data from the EFS monitors. For this analysis, sites with the longest 
record are rated higher than those with shorter records. 
Table 39 shows that monitors in Webb County, Fayette County, Maverick and 
Bastrop County are best suited for long term air pollution studies in this region. For this 
study, the time period of interest was 14 years (2001-2014), therefore only the monitors in 
Webb and Fayette counties were adequate to be used in for this study due to the historical 
data needed.  
Table 39. EFS counties and their monitors ranked based on the duration of the contin-
uous measurement records (TCEQ, 2014).  




Laredo Vidaurri C44 19 
Laredo Bridge C66 17 
World Trade Bridge C313 14 
Fayette Fayette C601 16 
Maverick Eagle Pass C319 11 
Bastrop McKinney Roughs C684 10 
Goliad Coleto C624 6 
Wilson Floresville Hospital Blvd C1038 3 
Dewitt Cuero C1602 2 
Karnes Karnes County Courthouse C1070 2 
Brazos College Station KCLL 5011* 11 
Walker Huntsville KUTS 5012* 11 
*These monitors only measure weather parameters (TCEQ, 2015).  
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 Need for New Sites and Termination of Old Ones. 
The monitoring stations located in the Eagle Ford Shale region are all SLAMS and 
SPM.  Table 40 outlines the different monitors in the EFS region, the type of network and 
their monitoring objective and pollutant measured. According to the SLAMS network re-
view guidelines, in assessing the need for new sites or adequacy of existing monitors, 
SLAM monitors have to meet their monitoring objectives so as to improve environmental 
decision.  Areas looked at include:  
i. Fulfilling its monitoring objective and spatial scale of representativeness, and 
ii. Number of monitors required per population 
Table 40. EFS monitors and their network type and objective and pollutant measured 
(TCEQ, 2014). 









Laredo Vidaurri C44 Population exposure SPM/SLAM CO, O3, PM2.5 
Laredo Bridge C66 Population exposure SPM CO, PM10 
World Trade Bridge 
C313 
Source oriented SPM 
PM2.5 
Fayette Fayette C601 Population exposure SPM O3, PM2.5 
Maverick Eagle Pass C319 Regional Transport SPM PM2.5 
Bastrop McKinney Roughs 
C684 
Population exposure SPM 
O3, Wind 
Goliad Coleto C624 Population exposure SPM O3, Temp, Wind 
Wilson Floresville Hospital 
Blvd C1038 
Population exposure SPM 
NO2, Temp, Wind 
Dewitt Cuero C1602 Population exposure SPM NO2, O3, Temp, 
Wind 
Karnes Karnes County 
Courthouse C1070 
Population exposure SPM H2S, NO, Temp, 
Wind 
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For SPM monitors using the FRM, FEM or Approved Regional Method (ARM), 
assessment was based on the above criteria set for SLAM monitors according to the 40 
CFR Part 58.11. These SLAM sites are designed to meet six important monitoring objec-
tives, which are:   
(a) to determine highest concentrations expected to occur in the area covered by the net-
work;  
(b) to determine representative concentrations in areas of high population density;  
(c) to determine the impact on ambient pollution levels of significant sources or source 
categories;  
(d) to determine general background concentration levels;  
(e) to determine the extent of Regional pollutant transport among populated areas, and in 
support of secondary standards; and  
(f) to determine the welfare-related impacts in more rural and remote areas (such as visi-
bility impairment and effects on vegetation). 
In addition to fulfilling its monitoring objectives, siting of SLAM monitors is 
largely based on its spatial scale of representativeness. Spatial scale of representativeness 
is the physical dimensions of the air parcel nearest to a monitoring site throughout which 
actual pollutant concentrations are reasonably similar. In order words, the SLAMS monitor 
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should be located such that the air quality of the volume of sampled air can be representa-
tive of the air quality over the entire area that the monitoring station is intended to represent 
(Hanks, 1998). These spatial scales of representativeness are the following 
1. Microscale- Defines the concentrations in air volumes associated with area dimensions 
ranging from several meters up to 100 meters. 
2. middle scale,  
3. neighborhood scale,  
4. urban scale, and  
5. regional scale.  
In deciding the siting distance, the goal is to match the spatial scale represented by 
the sample of monitored air at a given location with the spatial scale most appropriate for 
the monitoring objective of that respective station. This relationship is shown in Table 41 
and 42. 
Siting of a SLAM monitor also depends on the Metropolitan statistical areas (MSA), 
Micropolitan statistical areas, Core-based statistical areas (CBSA), and Combined statisti-
cal areas (CSA). A CBSA associated with at least one urbanized area of 50,000 population 
or greater is termed a Metropolitan Statistical Area (MSA). 
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Table 41. The relationship between the siting scale and distance for monitoring stations 
(GPO, 2015). 
Monitoring objective Appropriate siting scales 
Highest concentration Micro, middle, neighborhood (sometimes urban or re-
gional for secondarily formed pollutants). 
Population oriented Neighborhood, urban. 




Welfare-related impacts Urban, regional. 
 
Table 42. The relationship between the monitoring objective, siting scale for monitoring 
stations (GPO, 2015). 
Scale Appropriate Distance 
Micro Scale 0 - 100-meter diameter 
Middle Scale 100 – 500-meter diameter 
Neighborhood 
Scale 
0.5 – 4-kilometer diameter 
Urban Scale 4 – 50-kilometer diameter 
Regional 10 – 100s of kilometer diameter 
National or 
Global Nation 
These measurement scales represent concentrations charac-
terizing the nation and the globe as a whole. 
 
A CBSA associated with at least one urbanized cluster of at least 10,000 popula-
tion or greater is termed a Metropolitan Statistical Area. CSA consists of two or more ad-
jacent CBSA (GPO, 2015).  Figure 33 shows some CBSA’s in Texas.  The next section 
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shows the determination criteria for the number of monitors for each pollutant in a moni-
toring network needed in an area. The determining factors to minimum number of moni-
tors are the scale of representation, population and monitor objective or site type. 
Figure 33. Some Core Based Statistical Areas (CBSA’s) and Counties in Texas (Census, 
2012). 
 
Assessment of the Number of Monitors Required 
Minimum Ozone Monitors Requirement 
The requirements for siting and number of ozone monitors in a SLAM network as 
required by 40CFR 58 Appendix D is shown in Table 42. This assessment is essential to 
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support the basic monitoring objectives of public data reporting, air quality mapping, com-
pliance, and understanding. A SLAM network for O3 monitoring must operate for various 
locations depending upon area size (in terms of population and geographic characteristics)- 
MSA, and typical peak concentrations (expressed in percentages below, or near the 
O3 NAAQS)-Design values. Table 44 shows specific SLAMS O3 site minimum require-
ments.  
Table 43. Minimum ozone monitoring requirements in a SLAM network based on 40 
CFR 58 Appendix D (Census, 2010). 
 
In the Eagle Ford shale region, there are currently four active ozone monitors. As-
sessment of these monitors based on the population size of the counties that they are present 
in and the design value in accordance to Appendix D to Part 58 — SLAMS Minimum 
O3 Monitoring Requirements is shown in Table 42. All of the four counties fall under the 
MSA with 50,000- <350,000 people based on current census figures as seen in Table 43 
MSA 2010 
Population 
Most recent 3-year design 
value concentrations ≥85% 
of any O3 NAAQS 
Most recent 3-year design 
value concentrations <85% of 
any O3 NAAQS 
>10 million 4 2 
4 - 10 million 3 1 
350,000 - <4 mil-
lion 
2 1 
50,000 - <350,0005 1 0 
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and with an ozone design value of <85% as assessed in 8.2.1.b, there are no monitors re-
quired in these counties. Since all of these counties have at least one monitor, the minimum 
Ozone requirement for the EFS region has been met. 
 
Table 44. Minimum ozone monitoring requirements within the EFS counties based on 
40 CFR 58 Appendix D (Census, 2010). 
EFS County within MSA 2010 Population No of O3 monitors required 
Bastrop 74,171 0 
Bee 31,861 0 
Goliad 7,210 0 
Webb 250,304 0 
 
Minimum NO2 monitor requirement 
Within the SLAM network, it is required that there must be one microscale near-
road NO2 monitoring station in each CBSA with a population of 500,000 or more persons 
based on current census figures, to monitor a location of expected maximum hourly con-
centrations sited near a major road as seen in Table 46. Based on the population require-
ment, there are nine CBSA’s in the EFS region as seen in Table 45 and only San Antonio, 
Houston and Austin CBSE meet the population requirement for one minimum monitor as 
shown in Table 45. This assessment shows that the minimum requirement for NO2 moni-
tors have been met.  
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Table 45. Assessment of the number of NO2 monitors in the EFS based on 40 CFR 58 
Appendix D (Census, 2012). 






Eagle Pass 52,298 0 0 
Laredo 231,470 0 0 
San Antonio- New Braunfels 1,942,217 1 23 
Houston 5,539,949 1 75 
Austin Round rock 1,513,565 1 17 
Beeville 33,176 0 0 
College Station-Bryan 192,152 0 1 
Victoria 114,088 0 0 
Brenham 31,912 0 1 
 
Minimum CO monitors requirement 
The general requirement for number of CO monitors in a SLAM network are: (1) 
One CO monitor is required to operate collocated with one required near-road NO2 in 
CBSAs having a population of 1,000,000 or more persons, and (2) If a CBSA has more 
than one required near-road NO2 monitor, only one CO monitor is required to be collocated 
with a near-road NO2 monitor within that CBSA. There are three NO2 monitors within the 
EFS regions and only one of the NO2 monitors exist within a CBSA -Floresville hospital 
monitor-C1038 in San Antonio-New Braunfels CBSA. This CBSA has a population of 
1,942,217 according to the recent census figure and also has at least one CO monitor which 
fulfils the minimum requirement CO monitors in a SLAM network thereby fulfilling this 
requirement. 
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Minimum PM2.5 requirement 
Similar to the ozone minimum requirement in a SLAM network, the minimum num-
ber of required PM2.5 SLAMS sites are based on current MSA population- Table 46. The 
EFS region has seven monitors with active PM2.5 monitoring and only three of these mon-
itors are located within an MSA population. Table 47 shows the assessment of the PM2.5 
monitors and the minimum PM 2.5 requirement has been fulfilled. 
Table 46. Minimum PM2.5 monitoring requirements in a SLAM network based on 40 
CFR 58 Appendix D (Census, 2010) 
 
Table 47. Assessment of the number of PM2.5 monitors in the EFS based on 40 CFR 
58 Appendix D (Census, 2012) 














Fayette Fayette C601 22,521† 0  
Maverick Eagle Pass C319 52,298 0 1 
†Not part of an MSA 
MSA 2010 
Population 
Minimum Required No. of Core Sites 
>1 million 3 
>2 million 4 
>4 million 6 
>6 million 8 
>8 million 10 
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Minimum PM10 monitor requirement. 
The minimum number of PM10 monitors for a SLAM network depends on the MSA 
population and concentration measured form each monitor. It is listed below in Table 48. 
Table 48. Minimum PM10 requirements for a SLAM network based on 40 CFR 58 
Appendix D (Census, 2012). 
 
High concentration areas are those for which ambient PM10 data showed ambi-
ent concentrations exceeding the PM10 NAAQS by 20 percent or more. Medium con-
centration areas are those for which ambient PM10 data show ambient concentrations 
exceeding 80 percent of the PM10 NAAQS. Low concentration areas are those for 
which ambient PM10 data show ambient concentrations less than 80 percent of the PM10 
NAAQS-40 CFR 58 Appendix D. These minimum monitoring requirements apply in 
the absence of a design value.  
From the previous NAAQS assessment done on PM10 monitor (Laredo 







>1 million 6-10 4-8 2-4 
500,000-1 million 4-8 2-4 1-2 
250,000-500,000 3-4 1-2 0-1 
100,000-250,000 1-2 0-1 0 
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requirement for PM10 monitor with a low concentration is 1-2. Therefore, this require-
ment has been met as shown in Table 49 as there is one PM10 monitor present in the 
EFS region  
Table 49. Assessment of the number of PM10 monitors in the EFS based on 40CFR 58 
Appendix D (Census, 2012). 












Minimum SO2 monitor requirement. 
Requirement for SO2 monitors is derived by the Population Weighted Emissions 
Index (PWEI).  The PWEI is calculated by States for each core based statistical area 
(CBSA) they contain or share with another State or States for use in the implementation 
of or adjustment to the SO2 monitoring network (40 CFR 58 Appendix D). 
The PWEI is calculated by multiplying the population of each CBSA, using the 
most current census data or estimates, and the total amount of SO2 in tons per year emitted 
within the CBSA area, using an aggregate of the most recent county level emissions data 
available in the National Emissions Inventory (NEI) for each county in each CBSA. The 
resulting product is then divided by one million, providing a PWEI value, the units of which 
are million persons-tons per year (Equation 1).    
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Equation 1. Population Weighted Emissions Index- PWEI for minimum SO2 monitor re-
quirement 
𝑷𝑾𝑬𝑰 𝒗𝒂𝒍𝒖𝒆 =
𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝑪𝑩𝑺𝑨 ×𝑺𝑶𝟐 𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆  
𝟏, 𝟎𝟎𝟎, 𝟎𝟎𝟎
 
For any CBSA with a calculated PWEI value equal to or greater than 1,000,000, a 
minimum of three SO2 monitors are required within that CBSA. For any CBSA with a 
calculated PWEI value equal to or less than 1,000,000, a minimum of two SO2 monitors 
are required within that CBSA. For any CBSA with a calculated PWEI value equal to 5,000, 
but less than 1,000,000, a minimum of one SO2 monitor is required within that CBSA as 
shown in Table 50. Assessment of the number of SO2 monitors needed based on this re-
quirement is shown in Table 51. 
Table 50. Minimum SO2 requirements for a SLAM network based on 40 CFR 58 Ap-
pendix D (Census, 2012) 
 
  
CBSA PWEI Value SO2 Monitors required 
PWEI ≥ 1,000,000 Minimum of 3 
PWEI ≤1,000,000 Minimum of 2 
1,000,000 ≥PWEI ≥ 5000 Minimum of 1 
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Table 51. Assessment of the number of SO2 monitors in the EFS based on 40CFR 58 
Appendix D (Census, 2012). 








Eagle pass 52,298 261.01 0 0 




1,942,217 9,9693.60 1 3 
Houston 5,539,949 27,649.88 1 75 
Austin-Round 
rock 
1,513,565 7,554.20 1 1 
Beeville 33,176 165.58 0 0 
College Sta-
tion Bryan 
192,152 959.03 0 0 
Victoria 114,088 569.41 0 0 
Brenham 31,912 159.27 0 0 
 
 
Assessment of the Need for Monitor Removal 
Part of the amendments to the October 17, 2006 national monitoring regulations 
[40 CFR 58.14(c)] is for state or local agency to seek the Regional Administrator’s ap-
proval prior to shutting down a State or Local Air Monitoring Site (SLAMS) Federal Ref-
erence Method (FRM), Federal Equivalent Method (FEM), or Approved Regional Method 
(ARM) monitor. Although this approval is done on a case-by-case basis, there are several 
situations where the state or local agency can be confident the request for monitor shut-
down will be approved. They are: 
1. NAAQS attainment reached and expected to be maintained 
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2. Consistently low concentrations relative to other monitors 
3. Monitors not measuring violations of NAAQS 
4. Monitors with siting issues. 
Most of the air monitoring done in the EFS was to accomplish specific or short-
term monitoring goals by the States and local governments- (Table 44). According to the 
EPA Quality Assurance Handbook for Air Pollution Measurement Systems, monitors that 
are designated SPM  
 does not count when showing compliance with the minimum SLAMS monitoring re-
quirements 
 provide for special studies needed by the monitoring organizations to support TIPs/SIPs 
and other air program activities  
 are not permanently established and can be adjusted to accommodate changing needs 
and priorities without approval. 
 are used to supplement the fixed monitoring network as circumstances require and re-
sources permit 
 must produce data must meet all QA, siting and methodology requirements for SLAMS 
monitoring, if the data from SPMs is to be used for SIP purposes.  
 
One important criteria for data from air monitoring network to be used for regulation 
and NAAQS comparison and compliance is to undergo data quality validation and audit 
before being submitted to EPA-AQS database. With the exception of the Laredo Vidaurri 
ozone, CO and PM10 AND PM2.5 monitor, TCEQ have not been able to validate data from 
other monitors in the EFS region and have given it a designation of N- (Data from this 
instrument does not meet the EPA quality assurance criteria for regulatory purposes). The 
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data from these SPM monitors data has not been verified or certified by the TCEQ and may 
change (TCEQ,2015).  
Data validation is necessary to identify data with errors, biases, and physically un-
realistic values before they are used for identification of exceedances, for analysis, or for 
modeling. Since most of the tests required in the assessment in this section requires the 
use of validated data for NAAQS comparison and compliance, the SPM monitors are not 
fit or do not meet the necessary data quality requirement criteria. In light of this, the as-
sessment in this section was done for only the Laredo Vidaurri monitors. 
Assessment of Laredo Vidaurri Monitors for Removal 
Assessment 1: NAAQS attainment reached and expected to be maintained 
To determine this attainment, the monitor in question has to pass the following tests; 
a. The PM2.5, O3, CO, PM10, SO2, Pb, or NO2 monitor showed attainment during the pre-
vious five years.  
b. The probability is less than 10% that the monitor will exceed 80% of the applicable 
NAAQS during the next three years based on the concentrations, trends, and variability 
observed in the past.  
c. The monitor is not specifically required by an attainment plan or maintenance plan.  
d. The monitor is not the last monitor in a nonattainment area or maintenance area that 
contains a contingency measure triggered by an air quality concentration in the latest 
attainment or maintenance plan adopted by the state and approved by EPA 
 
This assessment has already been carried out in Table 31. Although the complete-
ness criteria were not met in the assessments, the Laredo Vidaurri C44 CO, O3, and PM10 
monitors showed NAAQS attainment located in Webb County as seen in Table 52.  
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Table 52. Assessment of Laredo Vidaurri site (C44) in Webb County in comparison 
with CO, O3, PM10 NAAQS (9 ppm, 70 ppb, 150 μg/m3





























year over 3 
years) in 
μg/m3 § 
2011 0% 46.9% 34.4% 0 74 2007 10 exceed-
ances 
2012 0% 37.2 % 0% 0 61 2008 0 
2013 89.7 % 98.9 % 98.5 % 0 65 2009 0 
2014 98.7 % 95.8% 97.5 % 0 57 2010 0 
2015 99% 97.9 34.4 %* 0 60 2011 0 
Design 
value† 
62.8% 77.3% 76.8% 0 61  0 
Ranking    Low Moderate  Low 
†The 3- year average for O3 and CO concentration value and completeness criteria for NAAQS comparison 
uses three most recent, consecutive calendar years of monitoring data meeting the data completeness re-
quirements (40CFR 50.2). 
‡ 8-hour average highest value 
§Annual fourth-highest daily maximum refers to the fourth highest value measured at a monitoring site dur-
ing a particular year 
¶ Available years of data for PM10 monitor 
 
 
The second test required for this assessment has been addressed in Table 31 and 32 
in this study. Analysis of trend of O3 and PM10 measured from this monitor for 14 years 
(2001-2014) showed no significant trend in these pollutants. For CO trend, there was a 
marked decrease in the CO concentration after 2008, measured from this monitor. 
Assessment using the third and fourth test showed that the Laredo Vidaurri C44 
monitor in (Webb County, TX) is not located in a non-attainment region according to The 
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EPA Green Book which provides detailed information about the area is National Ambient 
Air Quality Standards (NAAQS) designations, classifications and nonattainment status 
(U.S. EPA, 2016). 
In conclusion, assessment of the Laredo Vidaurri method using the first criteria was 
successful and the monitor passed the four tests. If other assessments are carried out and it 
meets all the criteria, this monitor could be recommended for removal. 
 
Assessment 2. Consistently low concentrations relative to other monitors 
To fulfil this criterion, the monitor in question has to pass the following tests 
a. The CO, PM10, SO2, lead, or NO2 monitor has consistently measured lower concentra-
tions of the same pollutant than another monitor in the same county (or portion of a 
county with a distinct attainment area or maintenance area, as applicable) during the 
previous five years.  
b. Control measures scheduled to be implemented or discontinued during the next five 
years do not apply to the areas around both monitors.  
c. Control measure changes will have similar effects on measured concentrations such 
that the retained monitor would remain the higher reading of the two monitors being 
compared.  
d. The monitor is not specifically required by an attainment plan or maintenance plan.  
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The Laredo metropolitan planning area is considered to be in attainment for ozone 
and carbon monoxide (COL, 2016). The Laredo Vidaurri C44 is a primary monitor in this 
area and is therefore essential to maintain and assess air quality in this region, (TCEQ, 
2016). Since it fails test d, the Laredo Vidaurri C44 monitor should not be removed or 
decommissioned. Therefore, further assessment for removal is not necessary. 
Appropriateness of New Technology 
With the advent of more unplanned sources of emissions, there’s a need for the use 
of newer and more precise technology which can adequately detect pollution emission. 
There are specific methods of sampling and analysis of all NAAQS pollutants that have 
been designated by the EPA to be used during monitoring. The analysis method approved 
by the agency is known as the Federal Reference Method (FRM), however, equivalent 
methods that provide adequate analysis, approved by the EPA in place of FRM can also be 
used. They are referred to as the Federal Equivalent Method (FEM) or Automated Equiv-
alent Method (AEM). A comparison of the technology used for analyzers in the air moni-
tors with the EPA designated reference methods is shown in Table 53. 
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Table 53. Comparison of the different technologies used for the analyzers in the dif-
ferent ambient air monitoring stations located in the EFS with the EPA’s list of desig-
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The pollutants measured by the EFS monitors are O3, NO2, PM10, PM2.5 and CO. A 
comparison of the analyzers used in these monitors with the EPA reference methods 
showed that the monitors are in compliance with the 40 CFR Part 53 requirements for 
‘Ambient Air Monitoring Reference and Equivalent Methods’. 
Air Quality Characterization in Areas with High Population of Susceptible Individuals 
Various studies have shown that extremes of ages, illness, genetic predisposition 
and other factors seem to increase vulnerability and susceptibility to the exposure and 
harmful effects of air pollution (Mead, 2011). Individuals under the age of 5 and over the 
age of 65 are especially at risk and the monitors in this region were assessed on their ade-
quacy to characterize these demographics. The sensitive population data is presented in 
Figure 34 and Figure 35.  
Areas of high population of susceptible individuals under the age of 5 have been 
represented on the map and it can be seen that areas with highest density of susceptible 
individuals such as Laredo and Eagle Pass have active monitoring stations that fulfil the 
monitoring need for this demographic population exposure. There also remains other 
counties population density of this demographic that only have a monitoring station for 
weather- Brazos and other Counties that do not have monitoring stations- Dimmit, Duval, 
Bee. Also for the characterization of individuals over 65 years, Webb County, Fayette 
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County and Eagle Pass County, have active monitoring stations that are able to provide 













Figure 34. The 2010 census population projection of people under the age of 5 years 
(Census, 2010). 
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Effect of Discontinuance of Monitors on Data Users 
State or local continuous monitoring programs and monitors provide additional and 
long term data measurements to researchers and air monitoring managers for health effect 
assessment, peak air pollution levels, typical levels in populated areas, air pollution trans-
ported into and outside of a city or region, and air pollution levels near specific sources 
(Hanks, 1998). Especially in the Eagle Ford shale region, current and continuous monitor-
ing is essential in dispelling fears and reducing hysteria in the event of rumors for massive 
pollution which have been the case in the past. Individuals, organization and stakeholders 
could go into the data base and retrieve for themselves, information affecting their regions 
of interest.  
In the event that the State or local authorities will decide on discontinuance of a 
monitoring program, there needs to be an assessment of the effect to data users. In Texas, 
data from air monitors are used by: 
a. TCEQ toxicologists 
b. EPA, to determine whether an area’s air quality meets health-based standards and per-
mitting requirements set by the EPA. 
c. Nearby States and Tribes for regional transport assessment and health effects studies 
d. School or university, business for research studies and suitability of siting of establish-
ments. 
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e. Public for daily air quality indices to make decisions about the risk involved with out-
door activities on days when air quality is bad 
Carlton et al., (2014) concluded that with the onset of shale gas activities, routine 
ambient monitoring is essential as data gap that may be obscuring negative air quality ef-
fects from shale gas activities especially in areas with high number of active wells. A recent 
emission inventory study conducted in the Eagle Ford Shale region in 2013 (AACOG, 2014) 
showed that four counties (Webb, Karnes, La Salle, Dimmit) in the EFS produce over 51% 
of NOx emissions in this region in 2012- (15.7, 14.2, 12.8, 14.6) tons respectively which is 
a marked increase from the 2011 estimate of (12.08, 7.66, 8.07, 7.13) tons respectively. 
Future estimate showed multiplying increase in emissions in these counties for 2015 and 
2018. Out of these four high emissions producing counties, monitors are only present in 
Webb County and more recently in Karnes County. Other counties producing significant 
emissions from shale gas activities in this region are McMullen, Gonzales, Live Oak, Frio, 
and Atascosa counties and none of these counties have continuous ambient air monitoring. 
Previous sections in this study e.g. Monitoring objectives and Spatial Scales, have 
shown that air quality data taken from TCEQ continuous ambient air monitors in this region 
is insufficient due to data gaps and invalidated data that have not undergone EPA quality 
assurance criteria, therefore discontinuation of the available monitors in this region will 
not only hinder effective air quality management not only for regulatory and permitting 
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purposes by EPA, State and Local agencies but also for community, business and personal 
air quality assessment for human exposure and risk locally. 
Results and Discussion 
Table 54 shows a summary of the different assessments carried out on the monitor-
ing stations in the Eagle Ford Shale region. The results are classified based on compliance 
with the listed criteria in 40 CFR 58.10.  





684 1602 501† 50† 601 44 313 66 1070 1038 624 319 
1. Monitoring  
Objective 
 
1.1. Hourly  
1.2.        Upload 
No No No No No Yes No No No No No No 
1.2. Compliance 
with NAAQS 
Yes Yes No† No† Yes Yes Yes Yes Yes Yes Yes Yes 
1.3. Support air 
     pollution studies  
No No No No No Yes Yes Yes No No No No 
2. Need New Moni-
toring Sites? 
No No No No No No No No No No No No 
3. Need to Terminate 
Sites? 
No No No No No No No No No No No No 
4. Need New  
Technology? 
No No No No No No No No No No No No 







No No No Yes Yes Yes Yes Yes Yes Yes Yes 
6. Impact of Site Dis-
continuance on 
Data Users? 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
†Weather stations         
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McKinney Roughs C684 
This site is located in Bastrop County and has an O3 monitor and weather monitor for 
wind speed. Assessment of this monitor for compliance was done according to the 40 CFR 
58.10 - Ambient Air Quality Surveillance. For compliance with the three monitoring ob-
jectives, this site did not produce verified or validated data that could be uploaded to the 
EPA AQS database for public access and regulatory compliance. For NAAQS compliance, 
this site recorded ozone concentrations below the NAAQS- (63ppb). It failed to meet 
NAAQS assessment completeness criteria (<75% data). In spite of the data gap, it can be 
used to augment air pollution studies due to availability of historical data up to 10 years. 
KEY 
ID Station County 
684 McKinney Roughs Bastrop 
1602 Cuero Dewitt 
5011 College Station KCLL Brazos 
5012 Huntsville Kuts Walker 
601 Fayette Fayette 
624 Coleto Goliad 
1070 Karnes Courthouse Karnes 
44 Laredo Vidaurri Webb 
313 World Trade Bridge Webb 
1038 Floresville Hospital Wilson 
66 Laredo Bridge Webb 
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This site fulfilled the minimum monitor requirement for its CSBA according to 40 CFR 
58 Appendix D-Minimum monitoring requirements. Since it is the primary and only site 
for air quality monitoring in the county, this monitor should not be discontinued.  
1. Cuero C1602 
This site is located in Dewitt County and has an NOx O3, temperature and wind 
monitor. Assessment of this monitor for compliance was done according to the 40 CFR 
58.10 - Ambient Air Quality Surveillance. For compliance with the three monitoring ob-
jectives, this site did not produce verified or validated data that could be uploaded to the 
EPA AQS database for public access and regulatory compliance. For NAAQS compliance 
and air pollution studies compliance objective, this site could not be assessed due to limited 
data available. This site was activated 2014 and does not have enough data that could be 
used for further assessment. This site fulfilled the minimum monitor requirement for its 
CSBA and will not need to be discontinued. 
2. Huntsville Kuts C5011 
This site is located in Dewitt County and only has a weather monitor for dew point, 
precipitation, humidity, temperature, visibility and wind. Although this monitor could not 
be used for pollutant based assessment, it has 11 years of weather data, which is valuable 
for pollutant trend analysis. This monitor will not need to be discontinued. 
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3. College Station KCLL C5012 
This site is located in Brazos County and only has a weather monitor measuring dew 
point, precipitation, humidity, temperature, visibility and wind. Although this monitor 
could not be used for pollutant based assessment, it has 11 years of weather data, which is 
valuable for pollutant trend analysis. This monitor will not need to be discontinued. 
4. Fayette County C601 
This site is located in Bastrop County and has an O3, PM2.5, monitor and weather 
monitor for temperature and wind speed. Assessment of this monitor for compliance was 
done according to the 40 CFR 58.10 - Ambient Air Quality Surveillance. For compliance 
with the three monitoring objectives, this site did not produce verified or validated data 
that could be uploaded to the EPA AQS database for public access and regulatory compli-
ance. For NAAQS compliance, this site recorded ozone concentrations below the NAAQS- 
(67ppb and 7.9 for O3 and PM2.5 respectively). It failed to meet NAAQS assessment com-
pleteness criteria (<75% data). In spite of the data gap, it can be used to augment air pollu-
tion studies due to availability of historical data up to 16 years. 
This site fulfilled the minimum monitor requirement for its CSBA according to 40 CFR 
58 Appendix D-Minimum monitor requirements. Since it is the primary and only site for 
air quality monitoring in the county, this monitor should not be discontinued.  
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5. Webb County Sites 
This county has three active sites; Laredo Vidaurri C44, World Trade Bridge C313 
and Laredo Bridge C66. Laredo Vidaurri site has an O3, CO and PM10 monitor, World 
Trade Bridge has a PM2.5 monitor while Laredo Bridge has a CO monitor. Assessment of 
these sites for compliance was done according to the 40 CFR 58.10 - Ambient Air Quality 
Surveillance. For compliance with the three monitoring objectives, only the Laredo 
Vidaurri site produced data that met EPA quality assurance criteria. For NAAQS compli-
ance, this site ranked low in importance compared to other sites when compared with 
NAAQS but was only able to meet the data completeness criteria for PM2.5 in World Trade 
Bridge monitor. In spite of the data gap, it can be used to augment air pollution studies due 
to availability of historical data up to19, 17 and 14 year respectively. This site fulfilled and 
exceeded the minimum monitor requirement for its CSBA according to 40 CFR 58 Appen-
dix D-Minimum monitor requirements.  
6. Coleto C624 site 
This site is located in Goliad County and has an O3 monitor and weather monitor 
for temperature, wind speed. Assessment of this monitor for compliance was done accord-
ing to the 40 CFR 58.10 - Ambient Air Quality Surveillance. For compliance with the three 
monitoring objectives, this site did not produce verified or validated data that met EPA 
quality assurance criteria therefore is not uploaded to the EPA AQS database. For NAAQS 
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compliance, this site recorded ozone concentrations below the NAAQS- (65ppb). It failed 
to meet NAAQS assessment completeness criteria (<75% data). In spite of the data gap, it 
can be used to augment air pollution studies due to availability of historical data up to 10 
years. This site fulfilled the minimum monitor requirement for its CSBA according to 40 
CFR 58 Appendix D-Minimum monitoring requirements. Since it is the primary and only 
site for air quality monitoring in the county, this monitor should not be discontinued.  
7. Floresville Hospital Blvd C1038 
This site is located in Floresville County and has a NO2 monitor and a weather 
monitor for temperature and wind. Assessment of this monitor for compliance was done 
according to the 40 CFR 58.10 - Ambient Air Quality Surveillance. For compliance with 
the three monitoring objectives, this site did not produce verified or validated data that met 
EPA quality assurance criteria therefore is not uploaded to the EPA AQS database. For 
NAAQS compliance, this site recorded NO2 concentrations below the NAAQS- (2.7ppb). 
It met the completeness criteria and can be used to augment air pollution studies. This site 
fulfilled the minimum monitor requirement for its CSBA according to 40 CFR 58 Appen-
dix D-Minimum monitoring requirements. Since it is the primary and only site for air qual-
ity monitoring in the county, this monitor should not be discontinued.  
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8. Eagle Pass C319 
This site is located in Maverick County and has a PM2.5 monitor and a weather 
monitor for temperature, visibility and wind. Assessment of this monitor for compliance 
was done according to the 40 CFR 58.10 - Ambient Air Quality Surveillance. For compli-
ance with the three monitoring objectives, this site did not produce verified or validated 
data that met EPA quality assurance criteria therefore is not uploaded to the EPA AQS 
database. For NAAQS compliance, this site recorded PM2.5 concentrations below the 
NAAQS- (8.9 μg/m3). It met the completeness criteria and can be used to augment air 
pollution studies. This site fulfilled the minimum monitor requirement for its CSBA ac-
cording to 40 CFR 58 Appendix D-Minimum monitoring requirements. Since it is the pri-
mary and only site for air quality monitoring in the county, this monitor should not be 
discontinued.  
9. Karnes County Courthouse C1070 
This site is located in Karnes County and has an NOX monitor and weather monitor 
for H2S, NOX, temperature and wind speed. Assessment of this monitor for compliance 
was done according to the 40 CFR 58.10 - Ambient Air Quality Surveillance. For compli-
ance with the three monitoring objectives, this site did not produce verified or validated 
data that met EPA quality assurance criteria therefore is not uploaded to the EPA AQS 
database. For NAAQS compliance, this site recorded NOx concentrations below the 
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NAAQS- (2.9 ppm). This site can be used to augment air pollution studies. It also fulfilled 
the minimum monitor requirement for its CSBA according to 40 CFR 58 Appendix D-
Minimum monitor requirements. Since it is the primary and only site for air quality moni-
toring in the county, this monitor should not be discontinued. 
The above assessment was geared to show monitors that meet the monitoring re-
quirement for SLAM monitoring network. Although most of the monitors met these re-
quirements set by 40 CFR Part 58, there still exist large amount of drilling activities going 
on in large population density but no monitoring station in place to assess their impact on 
air pollution. Counties that are not part of an MSA but have significant pollutant emission 
such as LaSalle (28.39 tpy, 1.45 tpy), Karnes (24.48 tpy, 1.21 tpy), Gonzales (10.35 tpy, 
6.94 tpy) for VOC’s and NOX respectively, do not have monitors present in the area to 
assess possible impact of pollutants in the air quality in that region as seen in Table 56. A 
look at the emission concentrations of ozone precursors in these counties from a previous 
study (AACOG, 2014) highlights the importance of a continuous and additional monitoring 
in this region. 
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Table 56. Eagle Ford shale counties, land area, population, well count and emission concentration for assessing the need for 













(Oil and gas) 
2012 
Emissions from O&G† 
tpy 
VOC‡ NOX‡ 
Atascosa 1219.544 44,911 None - 1,750 5.22 2.78 
Austin 646.508 28,417 None - 116   




228   
Bee 880.239 31,861 None - 217 1.44 0.70 




631 4.57 2.46 
Burleson 659.026 17,187 None - 1,029 2.73 1.51 
Colorado 960.274 20,874 None - 53   




636 20.10 7.98 
Dimmit 1328.884 9,996 None - 1,437 28.67 14.58 
Duval 1793.481 11,782 None - 718   
Fayette 950.008 24,554 Fayette 
County 
C601 
May 18, 2000 621 1.68 1.45 
Frio 1133.5 17,217 None - 653 6.37 3.41 
Goliad 852.014 7,210 Coleto C624 July 10, 2010 113   
Gonzales 1066.688 19,807 None - 1,241 10.35 6.94 
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Table 56. continued. Eagle Ford shale counties, land area, population, well count and emission concentration for assessing the 

















Emissions from O&G† 
tpy 
     VOC‡          NOX‡ 
Grimes 787.459 26,604 None - 79 2.43 1.21 






1,552 24.48 1.45 
La Salle 7.544 6,886 None - 1,777 28.39 6.94 
Lavaca 969.708 19,263 None - 178 1.48 1.21 
Lee 629.016 16,612 None - 781 1.67 0.86 
Leon 1073.151 16,801 None - 225 4.62 2.29 
Live Oak 39.183 11,531 None - 492 11.17 4.64 
Madison 1139.426 13,664 None - 1,688 2.13 1.31 
Maverick 466.065 54,258 Eagle Pass 
C319 
 299 2.83 1.28 
McMullen 1279.258 707 None - 682 20.65 9.38 
Milam 1016.93 24,757 None - 1,851 0.16 0.25 
Robertson 855.683 16,622 None - 238   
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Table 56. continued. Eagle Ford shale counties, land area, population, well count and emission concentration for assessing the 

















Emissions from O&G† 
tpy 























Wilson 803.733 42,918 Floresville 
Hospital Blvd 
C1038 
July 18, 2013 720 2.43 1.41 
Zavala 1297.406 11,677 - - 404 3.53 1.78 
†2012 emission measurements from different stages of oil and gas drilling. This numbers have changed over time from increased drilling.  
‡VOC’s and NOX are precursors for ozone formation.
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Continuous air monitors that are equipped with sampler for suspected pollutants 
such as NOx, SO, O3, VOC’s and PM are required in this area especially areas with a high 
number of drilled wells present in populated zones. Monitors such as Laredo Vidaurri (C44) 
in Webb County has an AQI of ‘moderate’ for ozone (60 - 75ppb) meaning ‘although air 
quality is acceptable, some pollutants may be a moderate health concern for a very small 
number of people who are unusually sensitive to air pollution. It is known that NOX is the 
major precursor of ozone, in spite of this there is no NOX monitor available in that county, 
which may hinder accurate assessment of the VOC/NOX ratio for estimating source of 
ozone in this region.  
In addition, it has over 1500 wells drilled since 2011 (Fracfocus, 2011) and the 
highest amount of NOx (15.68 tpy) emitted in the EFS region measured by mobile monitors 
during a 2014 emission inventory study in the EFS region (AACOG,2014).  More studies 
and onsite monitoring is required to show in detail the level of pollutants especially in areas 
with little or no monitors which by rule have been deemed ‘okay’ from the above assess-
ment. This may also require a review of the rules governing monitoring requirement by 









This study assessed the change in pollutant concentration in the ambient monitoring 
stations in Eagle Ford Shale, before and after the introduction of hydraulic fracturing in the 
region. Since data were obtained from already existing ambient monitoring stations, result 
from the trend analysis are dependent on the validity, completeness and adequacy of these 
stations.  The following conclusions can be drawn from this study:  
 Ozone concentrations showed no significant change before and after these time periods. 
The influence of precursor chemicals and weather was assessed to determine their con-
tribution to measured ozone levels. This study found that correlation to high tempera-
ture was not significant but the level of ozone concentration even after the commence-
ment of hydraulic fracturing activities is a function of NOx and VOC mixing ratios and 
also high wind speed and direction influencing formation and accumulation of ozone 
and its precursors. 
 Carbon monoxide concentrations were shown to decrease over time and mostly at-
tributable to lack of data within most of the second-time period (2008-2014). CO has a 
negative correlation with both temperature and wind speed, as high wind speed can 
cause regional transport. 
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 Significant change in the concentration of PM2.5 observed within these time period, 
with more PM2.5 recorded after introduction of hydraulic fracturing. Increase in PM2.5 
concentrations are influenced by near road sources, particles present in smoke and haze 
that are released from most combustion processes or formed when gases emitted from 
power plants, industries and automobiles react in the air.  
 Monitors in Fayette County showed no significant change in PM2.5 concentrations over 
time and are heavily dependent on availability of data in this region. 
 Assessment of the monitors as required by the 40 CFR 58.10(e) for 5-year ambient air 
showed some deficiencies in some of the ambient air monitors: 
(1) Availability of complete air pollution data to be used for research study.  This 
greatly reduced the power of the trend analysis done since not all the pollutants 
were measured and exiting pollutant measurements had a lot of missing data and 
data available have not been verified or available in the AQS data mart except La-
redo Vidaurri C44 monitor, and 
(2) Inadequate characterization of population exposure and assessment of NAAQS 
compliance due to absence of air monitoring stations (Bee, Colorado, and Duval 
Counties) in some regions and lack of historical data in others (DeWitt, Karnes and 
Wilson Counties). 
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Results from the trend analysis are not adequate to correctly characterize the con-
centration of pollutants in the EFS region due to lack of adequate pollution data from areas 
with suspected high pollutant emission from hydraulic fracturing activities which in previ-
ous studies have shown to have deteriorated air quality when this technology is used for 








 Limitations and Recommendations 
 Environmental data is heavily seasonal and there could be regional transport of pollu-
tants from other Counties and areas in the State which may influence concentrations in 
the Eagle Ford Shale. This study was not able to characterize possible regional transport 
from other areas.  Additional all-inclusive study is required in this area that would be 
able to quantify regional transport and also ozone formation from other areas using 
comprehensive weather and terrain data. 
 No statistical analysis was done in this to show how significant the influence of weather 
parameters had on the pollutant concentration is. Further study which will include the 
appropriate statistical analysis for this comparison will be needed. 
 Failed or poor quality assurance results from air quality monitors resulted in loss of 
data or no monitoring for a long period of times ranging from weeks to months which 
affect the size of data used for this study. There are SPM monitors in the EFS region 
that could be changed in SLAM monitors and whose output should undergo rigorous 
quality assurance assessment and frequent equipment maintenance as per 40 CFR 58 
Appendix A. 
       
185 
 
 There was limited information on the location of hydraulic fracturing wells in the State 
of Texas and the study was based on total well count in the area published by the Rail-
road Commission. Also, site investigation done in July, 2015 proved futile as most of 
these drilling pads are restricted from the public.  
 The ambient air monitoring networks have stringent assessment criteria that sometimes 
limit local or regional assessment. A good example is the number of monitor require-
ment
  based on population density (MSA). Areas that are not in MSA’s do not qualify for 
additional monitors regardless of the number of hydraulic fracturing operations occur-
ring in those areas or their closeness to residential areas.  
 This study was done to assess the effect of the use of hydraulic fracturing technology 
in the EFS region using data from TCEQ ambient air monitors. Not all pollutant emis-
sions are solely from hydraulic fracturing activities as seen in Table 3.  More local area 
study assessment could reveal other contributing industries and facilities.
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0 - 1,000  
1,000 - 1,500 57 
1,500 - 2,000 66 
2,000 - 3,000 75 
3,000 - 4,000 84 
4,000 - 5,000 93 
5,000 - 6,000 102 
6,000 - 7,000 111 
7,000 - 8,000 121 
8,000 - 8,500 133 
8,500 - 9,000 142 
9,000 - 9,500 157 
9,500 - 10,000 182 
10,000 - 10,500 230 
Spacing Rule (ft.) Acreage Requirement (acres) 
(1) 150 – 300 2 
(2) 200 – 400 4 
(3) 330 – 660 10 
(4) 330 – 933 20 
(5) 467 – 933 20 
(6) 467 – 1200 40 
(7) 660 – 1320 40 
          
200 
 






10,500 - 11,000 245 
11,000 - 11,500 275 
11,500 - 12,000 310 
12,000 - 12,500 350 
12,500 - 13,000 395 
13,000 - 13,500 445 
13,500 - 14,000 500 
14,000 - 14,500 560 
 
Table A3. The 1965 Oil well Allowables Yardstick-16 Tex. Admin. Code §3.45. 
Depth (feet) 40 Acre 80 Acre 160 Acre 
0 - 2,000 74 129 238 
2,000 - 3,000 78 135 249 
3,000 - 4,000 84 144 265 
4,000 - 5,000 93 158 288 
5,000 - 6,000 102 171 310 
6,000 - 7,000 111 184 331 
7,000 - 8,000 121 198 353 
8,000 - 8,500 133 215 380 
8,500 - 9,000 142 229 402 
9,000 - 9,500 157 250 435 
9,500 - 10,000 172 272 471 
10,000 - 10,500 192 300 515 
10,500 - 11,000 212 329 562 
11,000 - 11,500 237 365 621 
11,500 - 12,000 262 401 679 
12,000 - 12,500 287 436 735 
2,500 - 13,000 312 471 789 
13,000 - 13,500 337 506 843 
13,500 - 14,000 362 543 905 
14,000 - 14,500 400 600 1,000 





Table B.1. Monthly averages of ozone concentrations from Laredo Vidaurri (C44) monitor 
from 2001-2007 and from 2008-2014 
Year Months Ave SD 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2001 15 18 26 27 28 22 19 18 18 28 23 16 21.5 4.6 
2002 20 26 26 29 34 26 19 24 27 20 19 19 24.1 4.6 
2003 17 19 27 32 37 27 18 21 24 23 17 20 23.5 6.0 
2004 16 26 26 28 27 20 22 24 24 19 15 16 21.9 4.4 
2005 13 13 27 35 30 25 16 20 24 26 18 16 21.9 6.7 
2006 19 18 22 26 24 24 17 18 26 21 23 16 21.2 3.4 
2007 17 17 25 32 33 21 16 17 22 25 19 17 21.8 5.7 
2008 17 24 31 31 25 18 14 15 16 19 15 14 19.9 6.0 
2009 17 23 26 31 31 21 18 17 21 19 22 17 21.9 4.8 
2010 21 23 30 29 26 16 11 17 17 28 24 21 21.9 5.6 
2011 19 29 32 38 37 23 18  30 22 29 23 22 26.8 6.4 
2012 21 30 34 36 34 241 24 26  27 24 26 19 27.1 5.1 
2013 20 26 33 30 27 19 23 22 20 22 20 15 23.1 4.9 
2014 19 20 28 32 33 17 18 22 18 25 20 13 22.1 5.9 
Ave 17.9 22.3 28.1 31.1 30.4 21.6 18.1 20.8 21.9 23.4 20.3 17.2   
SD 2.3 4.8 3.3 3.3 4.2 3.3 3.3 4.0 3.5 3.4 3.2 2.5   
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Table B.2. Monthly averages of Carbo monoxide concentrations from Laredo Vidaurri 
(C44) monitor from 2001-2007 and from 2008-2014. 
Year Months Ave SD 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2001 0.6 0.5 0.5 0.4 0.3 0.4 0.4 0.4 0.5 0.4 0.5 0.6 0.5 0.1 
2002 0.6 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5 0.6 0.5 0.1 
2003 0.6 0.6 0.5 0.5 0.6 0.5 0.4 0.4 0.5 0.6 0.6 0.6 0.5 0.1 
2004 0.6 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.6 0.6 0.4 0.1 
2005 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.4 0.6 0.5 0.6 0.5 0.1 
2006 0.6 0.4 0.3 0.4 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.6 0.4 0.1 
2007 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.2 0.4 0.4 0.4 0.4 0.4 0.1 
2008 0.5 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 0.5 0.2 0.5 0.4 0.1 
2009 0.5 0.5 0.4 0.4 0.5 0.4 0.4 0.3 0.4 0.4 0.5 0.5 0.4 0.1 
2010 0.5 0.4 0.4 0.5 0.4 0.4 0.3 0.2 0.4 0.3 0.6 0.5 0.4 0.1 
2011 0.4 0.3 0.4 0.5 0.3 0.4 0.2 0.1 0.3 0.2 0.5 0.4 0.3 0.1 
2012 0.3 0.3 0.3 0.3 0.3 0.3 0.1 0.1 0.2 0.2 0.3 0.3 0.2 0.1 
2013 0.3 0.3 0.3 0.3 0.3 0.3 0.1 0.3 0.2 0.2 0.3 0.3 0.2 0.1 
2014 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.0 
Ave 0.5 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.4 0.4 0.5 0.5   
SD 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1   
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Table B.3. Monthly averages of PM10 concentrations from Laredo Vidaurri (C44) monitor 
from 2001-2007 and from 2008-2014. 
Year Months Ave SD 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2001 24.3 24.2 24.0 24.2 25.2 26.6 28.0 29.4 30.8 32.2 33.6 35.0 28.1 3.8 
2002 24.3 24.1 24.4 24.4 25.2 24.6 24.4 24.4 24.6 24.3 24.4 24.9 24.5 0.3 
2003 24.3 24.5 24.6 20.8 24.7 28.0 26.2 24.1 19.5 22.9 19.8 23.1 23.5 2.4 
2004 17.1 19.8 24.1 21.9 26.0 31.1 28.4 26.0 21.0 24.2 24.1 26.8 24.2 3.7 
2005 17.7 6.5 22.5 36.5 31.2 28.4 25.9 27.8 34.3 24.4 41.3 33.1 27.5 8.8 
2006 53.4 42.2 44.2 42.5 31.9 27.4 27.9 42.5 25.3 27.9 57.2 28.3 37.6 10.4 
2007 14.2 31.6 30.4 28.4 34.4 29.6 29.6 31.1 22.1 35.3 32.2 37.2 29.7 5.9 
2008 7.4 25.8 41.9 29.2 32.2 29.8 27.5 23.9 26.3 22.7 27.3 28.0 26.8 7.5 
2009 26.7 29.5 26.1 29.6 28.8 23.8 40.1 29.0 17.7 18.8 22.8 14.8 25.6 6.5 
2010 16.6 16.5 26.3 22.0 23.6 22.8 23.4 21.9 19.6 23.8 27.8 29.5 22.8 3.8 
2011 20.8 25.3 29.8 46.5 28.3 22.8 0.0 8.7 23.4 33.3 37.6 58.2 27.9 14.8 
2012 20.9 42.9 35.0 0.0 37.7 22.8 0.0 0.0 27.2 42.7 47.3 86.8 30.3 23.8 
2013 17.5 60.5 40.1 0.0 47.1 22.8 0.0 0.0 31.0 52.2 57.1 115.5 37.0 31.9 
2014 12.1 78.1 45.3 0.0 56.5 22.8 0.0 0.0 34.8 61.6 66.8 144.1 43.5 40.3 
Ave 21.2 32.2 31.3 23.3 32.3 26.0 20.1 20.6 25.5 31.9 37.1 48.9   
SD 10.3 17.9 8.0 14.2 9.0 3.0 13.2 12.7 5.3 12.0 14.3 37.5   
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Table B.4. Monthly averages of PM2.5 concentrations from Laredo Vidaurri (C44) monitor 
from 2001-2007 and from 2008-2014. 
Year Months Ave SD 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2001 8.6 8.9 8.2 14.1 11.0 10.9 10.2 10.3 7.9 7.9 9.4 8.1 9.6 1.7 
2002 10.0 7.9 10.6 13.1 13.7 8.3 12.0 12.0 9.8 6.1 5.9 7.2 9.7 2.5 
2003 7.2 9.6 8.6 13.0 28.3 9.1 11.8 8.5 7.6 8.3 7.5 7.8 10.6 5.6 
2004 6.9 13.4 13.4 12.8 9.4 10.8 8.4 7.1 11.3 8.5 6.6 6.2 9.6 2.6 
2005 9.2 9.9 10.7 11.6 15.5 12.2 12.2 12.4 12.4 9.5 9.6 10.2 11.3 1.7 
2006 10.4 9.1 14.2 15.2 12.3 9.4 9.4 12.6 10.6 10.1 11.0 9.5 11.2 1.9 
2007 7.1 11.7 10.4 10.4 13.9 12.2 12.2 12.6 9.0 10.7 11.5 9.5 10.9 1.8 
2008 7.4 9.4 11.8 13.3 16.7 10.8 13.1 12.0 11.9 8.3 10.0 10.2 11.2 2.4 
2009 9.9 10.0 8.7 12.5 16.3 11.4 17.0 11.9 7.7 7.9 7.8 12.4 11.1 3.0 
2010 9.3 6.7 9.1 10.4 10.4 11.9 12.0 11.4 8.5 11.3 8.9 12.6 10.2 1.7 
2011 7.9 11.5 14.3 10.9 8.9 10.2 11.2 11.3 11.0 7.6 9.6 7.5 10.2 1.9 
2012 7.9 8.9 10.1 12.3 11.3 10.3 12.7 11.2 8.2 8.5 9.4 10.7 10.1 1.5 
2013 8.2 8.3 10.7 13.2 17.3 12.6 11.1 10.5 7.0 7.5 7.3 10.5 10.4 2.9 
2014 8.1 10.9 9.8 12.2 11.2 13.8 14.9 12.4 8.7 9.5 6.5 8.3 10.5 2.4 
Ave 8.4 9.7 10.8 12.5 14.0 11.0 12.0 11.2 9.4 8.7 8.6 9.3   
SD 1.1 1.7 1.9 1.3 4.8 1.4 2.1 1.6 1.7 1.3 1.7 1.8   
  





Table B.5. Monthly averages of PM2.5 concentrations from Fayette (C601) monitor from 
2001-2007 and from 2008-2014. 
Year Months Ave SD 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2001 6.5 6.7 0 39.6 0 4.8 13.5 2 0 0 0 0.0 6.1 10.9 
2002 5.3 6.7 0 31.4 0 6.3 12.5 4.8 0 0 0.5 0.0 5.6 8.7 
2003 4.9 6.7 0 23.2 0 7.8 11.5 7.6 1 0 2.6 0.0 5.4 6.5 
2004 5.1 6.7 3 15 6.5 9.3 10.6 10.4 10.6 5.8 4.7 4.3 7.7 3.4 
2005 5.6 6.7 8 9.9 11.4 10.9 9.6 11.8 15.4 10.9 6.5 6.8 9.5 2.7 
2006 6.1 7 10.5 11 10.2 12.7 8.5 10.1 9.1 8.5 7.7 3.7 8.8 2.3 
2007 6.0 9.2 7.7 9.7 11.2 12.4 10.1 11.5 11.8 8.9 8.6 6.3 9.5 2.0 
2008 5.3 7.8 10 10.1 12.9 8.5 11.6 10.6 11.3 7.9 8 8.5 9.4 2.0 
2009 7.3 7.6 8.2 8.6 11.5 8.8 15.4 10.4 9.6 5.7 8 5.3 8.9 2.6 
2010 6.4 6.9 6.8 9.7 9.5 7.8 9.3 9 7.8 8.2 5.7 8.2 7.9 1.2 
2011 6.7 7.2 9.7 13.1 11.9 8.6 8.2 7.9 8.8 5.9 5.3 6.8 8.3 2.2 
2012 6.3 6.3 6.5 9 8.6 9.2 11.4 10 7.5 7 6.8 6.2 7.9 1.6 
2013 6.0 5.6 7.2 8.8 9.6 11.2 10 10.5 7.2 6.1 5.9 7.6 8.0 1.9 
2014 5.0 7.7 8 8.6 7 10.7 12.7 10.5 7 7.1 4.8 6.3 8.0 2.3 
Ave 5.9 7.1 6.1 14.8 7.9 9.2 11.1 9.1 7.7 5.9 5.4 5.0   
SD 0.7 0.8 3.6 9.3 4.5 2.1 1.9 2.6 4.4 3.4 2.6 2.9   
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Table C1. continued. Eagle Ford Shale Ambient Air Monitoring Site List continued 
AQS 
Site ID 



























temp, visibility and 
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SPM  Continuous Weather N/A 
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